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INTRODUCTION. 
In this investigation the clinical application for measuring pupil responses is described 
using a checkerboard as a stimulus. With this kind of stimulus the visual acuity, the 
contrast threshold and the pupil latency can be measured. Observations about the pu­
pillary reflex pathway, possibly involving the visual cortex, are described. 
The resolving power of the eye (i.e. of the visual perceptive system) is expressed by 
the visual acuity, which is defined as the reciprocal value of smallest visual angle (in mi­
nutes) between two points in the visual field that can be appreciated as being separate. 
The angle is comprised between the two straight lines connecting these points with 
the anterior nodal point of the optical system of the eye. There are different test-ob­
jects to establish the acuity in a perceptive or physiological test: Landolt C, Snellen al­
phabetic characters, gratings and checkerboards. The Snellen characters and Landolt 
С are mostly used for subjective measurements; gratings and checkerboards are 
mostly used for objective measurements. 
The advantages of measuring acuity in a subjective way are that it is in most cases 
cheap, and easily and quickly done. 
However, the information is not often sufficiently reliable. Measuring acuity in an ob­
jective way is more time consuming, not always easy and the expenses are mostly 
higher. 
However, the clinic demands sometimes the most reliable information about visual 
acuity, for instance to exclude pathology of the visual system, or to assess a proper di­
agnosis. 
Some methods of measuring visual acuity in an objective way are: Visually Evoked 
Cortical Potentials (VECP), optokinetic nystagmus and preferential looking (Dobson 
V. 1978, Dayton C O . 1964, Regan D. 1972). 
The objective method of using pupil responses for measuring visual acuity is almost 
unknown. 
The apparatus. 
The apparatus for measuring the pupil response consists of an infrared light source di­
rected to the eye and an infrared sensitive television camera. It may be mentioned that 
the human retina is not sensitive to infrared light and therefore this measuring tech­
nique does not influence the measurements. The registered image of the eye is dis­
played on a TV-monitor. The number of scanning lines on this monitor crossing the 
dark image of the pupil provides a measure of the pupil diameter. 
The pupil response is than calculated by a microprocessor system. 
The stimulus. 
It is generally accepted that if the amount of light entering the eye is changed, the pupil 
reacts by a contraction, or a dilation. Van der Kraats et al. ( 1977) described pupil con­
tractions to alternating checkerboard stimuli. 
(With this stimulus the overall retinal illumination remains constant.) 
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This phenomenon does not easily fit into classical descriptions of pupil responses and 
pupillary reflex pathways in the central nervous system. Since the magnitude of the re-
sponse appears to depend monotonically on the check size, it should be possible to 
define "a pupil visual acuity". 
It appears that the pupillary response threshold corresponds very closely to the psy-
chophysical threshold for the same check sizes. In this way, the acuity of subjects with 
refractive errors, amblyopia and with pathology of the visual system, could be mea-
sured. Contrast threshold functions and latency times could also be measured in addi-
tion to the visual acuity. 
Similar measurements can be performed by employing the VECP (Halliday A.M. 
1973). It is therefore highly interesting to compare the results of both techniques. 
Anatomy of the pupillary light reflex pathway. 
In order to improve the reader's understanding of the results of the acuity measure-
ment in this thesis, the anatomy of the pupil light-reflex pathway will be shortly de-
scribed. Fig.1. 
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The receptors of the light and therefore subserving the light reflex, are the rods and 
cones in the retina; the afferent pathway leads from these receptors through the reti-
nal nerve layers into the optic nerves and tracts; the pupillary reflex fibres branch from 
the optic tract before the lateral geniculate body is reached. 
After the first synapse in the Pretectum the fibres enter both Edinger Westphal nuclei, 
where the second synapse is found. 
From the Edinger Westphal nuclei the efferent pupillo constrictor fibres pass with lllrd 
nerve fibres to the ciliary ganglion. 
From the ciliary ganglion the pupil is innervated. 
In this "classical" diagram of the pupillary light-reflex pathway, the visual cortex is not 
involved. Fig.lA. 
There are a few investigators however who have suggested the existence of a cortico-
pretectal pupillary light reflex pathway. (Harms H. 1949, 1951, 1956, 1973; Cibis 
C.W. 1975; Alexandridis E. 1979). The first author performed careful static perimetry 
of patients with war injuries of the occipital cortex and he plotted a pupillomotor defi-
cit in retinal areas which matched the patients congruous hemianopic visual field de-
fects. 
In subjects with visual cortical damage no pupil responses could be evoked in their 
corresponding visual field when a checkerboard stimulus was given. This also sup-
ports the involvement of the visual cortex. Fig.1 B. 
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Fig.lA. The "classical" pupillary light reflex. 
Fig.lB. The "cortical" pupillary light reflex. 
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It may be usefull to consider the W, X and Y cells of the peripheral visual system. 
Fig.2A,B. Three types of ganglion cells, W, X, and Y cells are described in ascending 
order of their conduction velocities (Cleland B.C. 1973; Wilson M.E. 1970) and which 
project through the lateral geniculate nucleus (Hoffman K.P. 1972) to the visual cor-
tex. 
The W cells are inervated by large areas of the retina and may constitute the classical 
pupil light reflex pathway. 
The X cells project exclusively into the visual cortex and are sensitive to patterns with 
high spatial frequency. 
This observation may explain the cortical pupillary light-reflex pathway. 
The following hypotheses: 
1. The pupillary reflex pathway has at least two sub-pathways, a pretectal and a corti-
cal. 
2. The pupillary reflex pathway also encompasses a visual cortical pathway which is 
revealed by the pupillary response to spatial contrast stimuli such as a checker-
board stimulus. 
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CHAPTER 2 
GENERAL ASPECTS OF THE PUPILLARY SYSTEM 
Much information about the pupillary system in this and the next chapter, has been 
taken from the books of Walsh and Hoyt 1969, Davson 1980, Alexandridis 1982, 
Bouma 1965 and Nieuwenhuys 1978. 
2.1. The pupillary reflexes 
The pupils participate in several reflexes, three of which are of clinical importance. 
1. The light reflex; if light enters the eye the pupil contracts (the direct light reflex); an 
activity equally shared by the pupil of the other eye (the consensual light reflex). 
2. The near reflex, whereby a contraction occurs when the subject is looking at a near 
object; a reflex which is largely determined by the reaction to convergence, but in 
which accomodation also plays a role. 
3. The psycho-sensory reflex, whereby a dilatation occurs depending on psychic 
conditions and stimulation of visual and other sensory modalities. 
The pupil reflex investigated in this study concerns a reaction to a pure local contrast 
stimulus, which may be connected to the system of the near reflex in some unknown 
way. 
With regard to the light reactions, it is convenient to distinguish between two types of 
stimuli. The first one is the level of the retinal illuminance,when employing a stimula-
tion field of constant size. The other stimulus consists of a constant overall illumination 
level, while the contrast is changed locally. 
The local changes are produced by a checkerboard pattern, which is alternated either 
with an identical but spatially shifted pattern, or with a blank field. 
2.2. Peripheral pupil system 
The aperture of the refracting system of the eye is changed by the iris which behaves as 
a diaphragm, contracting or expanding, depending on the retinal stimulation. 
Two muscles of ectodermal origin, namely the sphincter pupillae and the dilator pu-
pillae are responsable for these opposing actions. 
The sphincter is an annular band of smooth muscle encircling the pupillary border. 
The dilator muscle is located at the posterior side of the iris and it consists mainly of 
myo-epithelial cells. 
The epithelial cell layer just behind the dilator contains the main mass of iris pigment so 
that the iris membrane may act like a diaphragm. 
The sphincter is innervated by parasympathetic fibres from the N III (oculomotor 
nerve) which branch into the ciliary ganglion and then proceed as the short ciliary 
nerves. 
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The dilator is innervated by the cervical sympathetic nerve, from which the fibres relay 
in the superior cervical ganglion. Pupillary reactions are caused by the muscular acti-
vities which can be initiated by light stimulation of the retina. Apartfrom light, the pupil 
size is also influenced by a number of other stimuli and phenomena, most of which 
are related to psychological conditions. 
With regard to the light reactions, it is convenient to distinguish between a receptive 
system and a motor system, which are subsystems of the pupillary system. 
The receptive system comprises all the activities by which light absorption in the reti-
nal receptors leads to stimulation of the pupillary motor centres. This system is the 
main object of the investigation, although its functioning is estimated from the pupil 
reactions themselves. 
2.3. The pupillary light reflex pathway 
The receptors of the light, subserving the light reflex are the rods and cones in the reti-
na; the afferent pathway leads therefore from these receptors through the retinal 
nerve layers into the optic nerves and tracts; the pupillary fibres branch from the optic 
tract before the lateral geniculate body is reached. 
After the first synapse the fibres enter both Edinger Westphal nuclei, where the second 
synapse is found. 
From the Edinger Westphal nuclei the pupillo constrictro fibres pass with lllrd neve fi-
bres to the ciliary ganglion. 
From the ciliary ganglion the pupil is innervated. 
The descussation in the optic chiasm explains the mechanism of the consensual ref-
lex. 
In this "classical" diagram of the pupillary light reflex pathway, Fig. 1 A, the visual cortex 
is not involved. 
There are a few investigators however who heve also suggested the existence of a cor-
tico-pretectal pupillary light reflex pathway, (Harms H. 1949,1951,1956,1973;Cibis 
G.W. 1975; Alexandridis E. 1979). 
The first author performed careful static perimetry of patients with war injuries of the 
occipital cortex and he plotted a pupillomotor deficit in retinal areas which matched 
the patients congruous hemianopic visual field defects. (Fig. 1B). The main problem in 
these measurements was the stimulus. 
The possible involvement of straylight effects by the stimulus cannot be excluded, 
however. It is essential to note that in this study the checkerboard stimulus employed 
is alternated with a blank field of equal overall luminance. In this case the total amount 
of light entering the eye remains constant, and therefore straylight cannot in any way 
be a stimulus. 
2.4. Pathway of other pupillary reflexes 
The near reflex follows the visual fibres to the area stratia relayed in this region and tra-
vels to the area praetectalis. 
From this the pathway is relayed in the Edinger-Westphal nucleus and travels along the 
lllrd nerve to the sphincter muscle of the iris. 
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The psychosensory reflex. The pathway from the brain, hypothalamus and the limbic 
system generally involves the sympathetic system in dilator responses. The pupil lom­
otor fibres leave the cord and relay m the syperior cervical ganglion. From this the 
pathway passes the ganglion ciliare and innervates the dilator muscle of the ins. 
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Fig.IA The "classical" pupillary light reflex. 
Fig.IB The "cortical" pupillary contrast reflex. 
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CHAPTER 3 
APPARATUS 
3.1. Pupillometry. 
Several methods of measuring pupil size have been described in the literature. 
1. A direct visual comparison with some sort of ruler. 
This was described e.g. by Schirmer 1897. This method is simple and rapid, but not 
very accurate (± 0.5 mm). 
2. The entoptical method, described by Bouma 1965. 
With this subjective method one is able to measure one's own pupil diameter by 
looking with one eye trough two pin holes. The accuracy of this methode is about 
± 0.1 mm. 
3. Photographic methods. 
The first film picture which was used for measuring the diameter of the pupil was 
described by Bellaraminov 1885. 
A narrow slit was projected on the eye and a film was moved closely in front of the 
eye. The changes in pupil diameter caused by changing the illumination could thus 
be stored on the film. 
Later on Lowenstein 1942, used cinematographic techniques with infrared light 
sources. (Infrared light does not influence the pupil size). 
4. Photo-electric methods. 
With this method the total amount of reflected light from the iris is measured and 
this depend on the pupil size. 
This method was described by Cuppers 1951, and Alexandridis 1972. 
5. Scanning method. 
With this method a television system is used to scan the diameter of the pupil. One 
of the first systems was described by Lowenstein 1958. 
Later on several authors also described this system, Green 1967, Ishihama 1970, 
van der Kraats et al 1977, Saladin 1978. 
The high accuracy and the immediate accessibility of the results makes it more use-
ful for clinical use. A disadvantage is the relatively high cost of the apparatus. 
3.2. The Apparatus. 
The apparatus for measuring the pupil diameter we used in our investigation will now 
be described: (see also Chapter 5) 
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Fig.1. gives a scheme of the apparatus. 
A scheme of this computer controlled apparatus is shown in Fig. 1. It consists of the fol­
lowing elements: 
1- An infrared source. 
2. An 'infrared sensitive television camera. 
3. A computer. 
4. An eye monitor. 
5. A terminal. 
6. A graphic display. 
7. An X - Y plotter. 
8. A disc memory. 
9. A stimulus display. 
An infrared source is projected on the eye. 
An infrared sensitive television camera is directed to the eye. The eye is monitored on 
a television screen. The picture of the eye on the television screen (Fig. 2) is sur­
rounded by a mask, which excludes non relevant regions from becoming involved in 
the measurement. An electronic device counts the number of TV lines in which a re­
gion of low intensity of the reflected infrared light occurs, i.e. the vertical diameter of 
the pupil area is estimated. The TV scanning lines which are counted are marked by 
white points on the television screen, the signal threshold above which these white 
points are produced can be set by the experimenter thus enabling him to assess 
whether the diameter is adequately measured by the equipment. The estimated di­
ameter is displayed on the same TV monitor as a rectangle with a height equal to this 
diameter. 
The set up of the equipment and the position of the subject are shown in Fig. 3. 
The diameter of the pupil as a function of time is averaged in a computer-system over 
at least 7 stimulation cycles, resulting ¡n an accuracy of approximatery 0.1 mm. 
The results are presented on a display and may also be written on a plotter, further-
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Fig.2. The image of the eye on the television-screen (for explanation see text). 
Fig.3. An overview of the setup of the equipment and the position of the subject. 
2-1 
more the results can be stored in an disc memory for later reference. The stimulus is 
generated on a second television-monitor and subtends 0.9° to 7° visual angle. 
The check sizes are presented on the television monitor and subtends 0.02° to 3.5° 
visual angle and 99 to 0 dB contrast. 
The stimuli used are: 
- an appearing- disappearing checkerboard 
- an alternating checkerboard 
- an on- off stimulus 
During the experiments the average luminance of this monitor was kept constant at 50 
cd/m2. 
In Fig.4 the output of a photometer is shown as a function of time for apperaring- dis-
appearing checkerboards of two different check sizes. 
It may be concluded that the stimulus alternation does not cause a measurable change 
in the luminance of the screen. 
LUMINANCE 
(CD/M) 
5 0 
2 2.8 MIN. 0.7 MIN. CHECK SIZES 
A » APPEARANCE 
D = D ISAPPEARANCE 
_1_ 
10 
TIME (SEC) 
Fig.4. Photometer output in cd/m2 for two check sizes of 0.7' and 22.8'. The time pat-
tern of the reversal is indicated on top. Estimated constancy of the luminance 
better than 1%. 
3.3 Experimental procedure. 
Before each experiment the subjects were adapted for 10 minutes to low room light. 
(about 0.3 cd/m2). 
The subject was seated with his chin on a rest and the forehead slightly pressed against 
a bow. Lateral head movement was reduced by two small adjustable plates gently 
pressing against the temples. 
Although alternating checkerboards generate larger responses, we used an appear-
ing- disappearing checkerboard (with constant average luminance). This was de-
ferred, because some subjects tended to follow the slowly alternating checks with eye 
movements. This movement greatly disturbed the pupil measurement. 
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Fig.5. Pupil contraction as a function of time on an appearing- disappearing checker-
board. Given are the windows in which the pupil contraction is assessed. 
A pupil contraction on an appearing- disappearing checkerboard is given as a function 
of time in Fig.5. 
The response measure calculated was the difference between the average amplitude 
during a period of 200 ms before any pupil reaction was visible (latency about 100 ms) 
and during a 200 ms interval at the maximum amplitude of the contraction, (latency 
700 to 800 ms). 
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CHAPTER 4 
OBJECTIVE METHODS OF MEASURING VISUAL 
ACUITY. 
4.1. Introduction. 
The resolving power of the eye (i.e. of the visual perceptive system) is expressed by 
the visual acuity, which is defined as the reciprocal value of the smallest angle in mi­
nutes by two points in the visual field that can be appreciated as being separate. The 
angle is comprised between the two straight lines connecting these points with the an­
terior nodal point of the optical system of the eye. 
There are differenttest-objects for establishing the acuity in a perceptive or physiolog­
ical test: Landolt C, gratings, Snellen letters, checkerboards. 
The Snellen letters and Landolt С are mostly used for subjective measurements; grat­
ings and checkerboards are mostly used for objective measurements. 
For our measurements we used the Snellen test and a checkerboard stimulus for pupil 
responses. 
The graphs will be plotted in terms of the minimum resolvable element in minutes per 
check size of the checkerboard and in approximate Snellen equivalents, (min •'). 
4.2. Methods. 
Three techinques - optokinetic nystagmus (OKN), preferential looking (PL), and the 
visually evoked cortical potential (VECP) - are used nowadays. 
Optokinetic nystagmus. 
Optokinetic nystagmus (OKN) is the series of eye movements elicited by a succession 
of objects passing across the visual field. These eye movements consist of two parts: 
a. A slow fixation phase during which the eye follows the stimulus across the visual 
field. 
b. A fast, corrective phase in the opposite direction, initiated when the slow fixation 
phase brings the eye to the edge of the orbit. 
Both phases of OKN appear to be involuntary, in that a subject who is awake whose 
visual field is filled with moving stripes cannot avoid showing OKN (Gardner and We-
itzman, 1967: Davson, 1972). 
Eye movements may be detected by an observer or recorded with an electro-oculo-
gram (EOG). 
Preferential looking. 
In contrast to OKN and VECP measures of acuity, which only require that the subject's 
eyes are open and directed toward the stimulus, preferential looking (PL) techniques 
require the subject to fixate differentially the various stimuli in its visual environment. 
Different techniques are described. (Fantz 1958, 1962, Teller et al. 1974.) 
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Visually evoked cortical potential. 
The VECP is a summed cortical response which results from a temporal change m 
some characteristic, e.g. intensity of the visual stimulus impinging upon the eye. In hu­
man subjects, it is typically recorded through the use of electrodes placed on the scalp 
over the occipital pole (location of visual cortex). The recorded signals are amplified 
and then averaged to improve the signal-to-noise ratio. The resulting signal will be 
either (a) a transient VECP with a complex wave form resulting from an isolated and 
abrupt stimulus change, e.g a flash of light, or (b) "steady-state" VECP, in which a ra­
pidly repeating stimulus produces a regular, steady, cyclical response (Regan, 1972). 
With all these 3 methods visual acuities can be assessed, which may differ from each 
other. 
Optokinetic nystagmus (OKN) and Preferential looking (PL) are mainly used for mea­
suring visual acuity in human infants (Dobson and Teller, 1978, Gorman et al, 1975, 
Dayton et al, 1964). 
Visually evoked cortical potentials (VECP) are used at every age (Sokol and Dobson, 
1976, Regan, 1972) 
The visual acuities which are obtained are difficult to compare with each other. For 
OKN no systematic investigation of this point has been carried out. 
Different results may also be due to variations in stimulus parameters (e g. luminance, 
speed of movement) and response measures (e.g. definition of threshold level) 
For OKN and PL techniques, different scoring techniques have been used to estimate 
acuity. 
VECP acuity is usually estimated as the stimulus size for which the VECP amplitude will 
be zero or just detectable. 
Modern VECP experiments depend upon signal averaging techniques for making of 
responses detectably different from the noise In behavioral experiments, the subject 
must respond on a tnal-by-trial basis, and subthreshold stimuli cannot be summed to­
gether. Thus, some small signals which can be detected with the response averaging 
techniques used in VECP recording may, in fact, never be available to the subject for 
use on a trial-by-tnal basis, or m real life situations. 
In our investigations we used pupil responses as a measure of visual acuity. 
The advantages and disadvantages of using the threshold of pupil responses as a mea­
sure of visual acuity will be described in the next chapters. 
Literature. 
Davson H , The Physiology of the Eye. Academic Press, London (1972). 
Dayton G О., Jones Μ Η . , Aiu P., Rawson R A , Steele В and Rose M , Developmen­
tal study of coordinated eye movements m the human infant Archs Opthal 71,865-
870(1964). 
Dobson V., Teller D Y. and Belgum J., Visual acuity m human infants assessed with sta­
tionary stripes and phase-alternated checkerboards. Vision Res 18, 1233-1238 
(1978) 
Dobson V , Teller D., Visual acuity in human infants, A review and comparison of be­
havioral and electrophysiological studies. Invest Ophtalmol. 18, 1469-1483 (1978). 
28 
Fantz R.L. Pattern vision in young infants. Psychol. Ree. (43-47 (1958). 
Fantz R.L., Ordy J.M. and Udelf M.S., Maturation of pattern vision in infants during the 
first six months. J. comp. Physiol. Psychol. 55, 907-917 (1962). 
Gardner R. and Weitzman E., Examination for optokinetic nystagmus in sleep and 
waking. Archs. Neurol., Chicago 16, 415-420 (1967). 
Gorman J.J., Cogan D.G. and Gellis S.S., An apparatus for grading the visual acuity on 
the basis of optokinetic nystagmus. Pediatrics 19, 1088-1092 (1975). 
Regan D., Evoked Potentials in Psychology, Sensory Physiology and Clinical Medi-
cine. Chapman & Hall Ltd, London (1972). 
Sokol S. and Dobson V. Pattern reversal visually evoked potentials in infants. Invest. 
Ophtalmol. 15, 58-62(1976). 
Teller D.Y., Morse R., Bortón R. and Regal D., Visual acuity for vertical and diagonal 
gratings in human infants. Vision Res. 14, 1433-1439 (1974). 
29 

CHAPTER 5 
VISUAL ACUITY MEASURED WITH PUPIL RE-
SPONSES TO CHECKERBOARD STIMULI 
J. Slooter and D. van Norren. 
The response of the pupil was measured to a foveally fixated small field in which 
checkerboards were alternated with a blank field of equal average luminance. The 
subjects studied had refractive errors, but their eyes were free from pathological 
changes. A pupil visual acuity could be derived, which showed a very high correlation 
with the subjective acuity with the same checkerboard stimuli. The method of obtain-
ing pupil visual acuity seems to compare favorably with other objective methods of 
measuring visual acuity. 
Recently, van der Kraats et al.' described pupil contractions to alternating checker-
board stimuli. Since the magnitude of the response appeared to depend monotoni-
cally on the check size, it seemed possible to define a "pupil visual acuity" as the in-
verse of the check size which yields a criterion pupil contraction. To further investigate 
the applicability of this concept, we decided to explore the individual responses of a 
group of subjects with healthy eyes and tried to describe the relation between the pu-
pil acuity and subjective acuity, defined likewise on the basis of the size of just visible 
checks. We also compared the checkerboard acuity with that measured with classic 
Snellen letters. 
MethodsJbe apparatus for recording the pupillary diameter consists of an infrared 
source directed to the eye and an infrared-sensitive televisen camera. The number of 
scanning lines crossing the dark image of the pupil provides a measure of the pupil di-
ameter. The accuracy of the measuring system is better than 0.06 mm. Provisions 
were made to exclude errors due to blinking. The diameter of the pupil as a function of 
time is stored in a CAT computer (Mnemotron Corp.). Generally seven stimulus sycles 
are averaged. The number of seven averages proved to be a reasonable compromise 
between a speedy experiment and a sufficient signal-to-noise ratio. After each record-
ing, the computer memory was read out with a pen recorder. The stimulus was gener-
ated on a television monitor (type Tektronix; 651-1) with only the green phosphor. 
Two distances between subject and monitor had to be used, 5.7 and 11.4 m, to obtain 
a sufficient range in observed check sizes. The visual angle of the stimulus field was 2.4 
X 1.8 and 1.2 X 0.9 degrees, respectively. The average luminance of the stimulus was 
50 cd/m2. This was the highest luminance available on the monitor. With lower lumin-
ances smaller pupil contractions were obtained. Before each experiment the subjects 
With permission reprinted from Investigative Ophthalmology & Visual Science, St. 
Louis 
Vol. 19, No. 1, Pages 105-108, January, 1980 (Printed in the U.S.A.) 
(Copyright © 1980 by the Association for Research in Vision and Ophthalmology) 
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were adapted for 10 min to low room light (about 0.3 cd/m2). Although alternating 
checkerboards generate larger responses, an appearing-disappearing checkerboard 
(with constant average luminance)was preferred because sometimes subjects tended 
to follow the slowly alternating checks with eye movements. 
/?esu/fs.The alternation frequency was chosen on the basis of an experiment summar­
ized in Fig.1. In this experiment the response amplitude for a fixed check size (5.7 min) 
was measured as a function of stimulus frequency. The highest frequency which gives 
about 90% of the maximal response for all check sizes proved to be 0.25 Hz. 
As a response measure we took the difference between the average amplitude during 
a period of 200 msec before any pupil reaction was visible (latency about 100 msec) 
and during a 200 msec interval at the maximum amplitude of the contraction (latency 
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Fig.1. Response amplitude for a fixed check size (5.7 min arc) as a function of stimulus 
frequency (mean of three subjects). 
700 to 800 msec). The latency of the maximum contraction did not change much with 
check size, and the latency of the smaller contractions could easily be extrapolated 
from that of the larger ones. In Fig.2, a, an example is given of recorded pupil diame­
ters as a function of time for one subject. The recordings started at the moment of the 
appearance of the checkerboard; the second vertical line indicates its disappearance. 
The labels give the size of the checks in minutes of arc. I η Fig.2, b, the pupil amplitude, 
taken from Fig.2, a, is plotted as a function of check size. The reaction of the pupil to 
disappearing checkerboards was usually less pronounced and was therefore not used 
in our experiments. 
For our routine experiments we used two distances between subject and monitor in 
order to extend the range of available check sizes by a factor of two. To evaluate the 
effect of field size, the amplitude as a function of check size was measured for the two 
stimulus field sizes in four subjects (Fig.3). The result can be described, to a first ap­
proximation, as an increase of a factor 1.8 in average pupil contraction, independent 
ι L 
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Fig.2.a, Pupil reactions as a function of time to appearing-disappearing checker­
boards (one subject, monitor distance 5.7 m). The two vertical lines define the mo­
ments of appearance and disappearance, respectively, b. Pupil amplitude as a func­
tion of check size. Data taken from Fig.2, a. See text for a definition of response ampli­
tude. 
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Fig.3. Mean amplitude of pupil contractions as a function of check size for two differ­
ent field sizes (mean data of four subjects). 
of the check size. Apparently, the magnitude of the response depended on the num­
ber of contributing elements (checks) in the stimulus. 
Since we found a great intersubject variability in pupillomotor responsiveness, it 
seemed useful to plot all individual results as percentage of the estimated maximum 
amplitude. The maximum amplitude was defined as the mean of the two highest re­
sponses. To construct a template response curve, individual curves plotted in this way 
were shifted along the abscissa so that they covered each other in the steepest part of 
J 1 I I I 1 Л. 
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the curve (Fig.4). To define the pupil acuity we initially took the point where the steep 
slope of the template, matched to an individual set of data points, crosses the 50% 
point. 
The subjective checkerboard acuity is defined as the smallest check size that was 
identified five times at the right moment, i.e., of checkerboard appearance. Fig.5 gives 
the relation between the pupil acuity and the subjective visual acuity, both deter-
mined with the checkerboard pattern for 17 subjects. A regression line was fit through 
the data points. The correlation coefficiet was 0.96; the slope of the line was 1.02 The 
intersection of the regression line with the abscissa depends, of course, on the re-
sponse criterion taken, in this case 50%. We calculated that with a criterion of 70% 
the regression line intersected the ordinate and the abscissa at the same acuity value. 
Because the slope of the regression line was close to unity value, with this criterion 
identical values for objective and subjective checkerboard acuity were expected. 
D/scussi'on.For subjects with healthy eyes it seems quite possible to define a pupil 
checkerboard acuity which corresponds very closely to the subjective acuity, mea-
sured with the same stimuli. Of course, if other stimuli are used to define acuity, the 
correlation with pupil checkerboard acuity might be less convincing. Sloan et al.2, 
Graham3, and many others have emphasized that the visual acuity depends strongly 
on the type of test target used. For a group of subjects we also had acuity values avail-
able determined with Snellen letters. The relation between Snellen and checkerboard 
subjective acuity is plotted in Fig.6. The correlation in this case is 0.86, and there is a 
significant deviation from unity slope. Relatively high acuity is found for checkerboard 
patterns at low Snellen acuity values. This phenomenon, already observed by Sloan et 
al.2, has to be attributed probably to spurious resolution. Thus, if we use the pupil acu-
ity as a replacement for the more commonly used Snellen acuity, a fairly large spread 
can be expected, and systematic deviations exist. 
The method of obtaining pupil visual acuity seems to compare favorably with other 
methods of measuring objective visual acuity. With optokinetic-nystagmus tech-
niques only limited estimates can be obtained of an individual's degree of vision4. The 
visual evoked potentials to checkerboard stimuli have, in the last decade, been ex-
tensively studied, and the most recent results look very promising5. The method has 
the advantage of allowing head movements, as long as fixation is maintained, and 
therefore seems suitable in infants6. Disadvantages are the time-consuming attach-
ment of electrodes and the rather long recording periods that are required. 
In infancy and old age the pupil response to light is less active than in adolescence, but 
for these categories of subjects also the spontaneous fluctuation in pupil size seems to 
be less7. Thus the signal-to-noise ratio for our stimuli possibly does not depend much 
on age. From the present study we cannot draw any firm conclusion in this respect be-
cause all our subjects were between 18 and 40 years. 
The phenomena observed in this study do not easily fit into classic descriptions of pu-
pil responses. These descriptions fall into two main categories, the first being pupil 
changes caused by changes in total retinal illumination and the second being pupil di-
latations evoked by higherorder mental processes like attractiveness of a visual scene 
or anxiety. In the present experiment the integrated retinal illumination remained con-
stant, and only contractions were observed with a change from a blank field to a 
checkerboard or vice versa. Apparently, the response of local retinal elements, modi-
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Fig.4. Individual results plotted as a percentage of the maximum amplitude. The mean 
of the two highest responses was taken as the maximum amplitude. The heavy black 
line was drawn by eye as a best fit to the individual results. The recordings were taken 
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Fig.5. Relation between subjective and pupil acuity for checkerboard stimuli (50% 
criterion). The regression line is indicated in the figure. 
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Fig.6. Checkerboard vs. Snellen letter subjective acuity. The best-fitting straight line 
through the data points is indicated. Also given are the data from Sloan et al. 2who in­
vestigated the relation between letter acuity and checkerboard acuity. 
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fied by a differentiating mechanism, plays a role in the apparatus which determines 
the purillomotor response. 
Presently we are investigating whether the technique is also applicable in subjects 
with eye pathology. 
From the Royal Netherlands Eye Hospital, Utrecht, The Netherlands, and the Institute 
for Perception TNO, Soesterberg, The Netherlands. Submitted for publication May 
14,1979. Reprint requests: D. van Norren, Royal Netherlands Eye Hospital, F.C. Don­
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CHAPTER 6 
CLINICAL USE OF VISUAL ACUITY MEASURED 
WITH PUPIL RESPONSES 
J. Slooter 
(Utrecht, The Netherlands) 
Keywords: Visual acuity, pupil, checkerboard 
Abstract 
The response of the pupil was measured to a foveally fixated small field in which a 
checkerboard was alternated with a blank field of equal luminance. Visual acuity was 
assessed with pupil responses in 70 subjects who visited our clinic. A high correlation 
was found between the visual acuity as measured with pupil responses and the sub-
jective acuity, using the same checkerboard stimuli. We also compared the visual acu-
ity as measured with pupil responses with the Snellen acuity. The method of obtaining 
pupil visual acuity seems to compare favourable with other objective methods of 
measuring visual acuity. 
Introduction 
Recently Van der Kraats and Slooter ( 1977) described pupil contractions to alternating 
checkerboard stimuli. Slooter and Van Norren (1980), using the same technique, 
found that for subjects with refractive errors the pupil checkerboard acuity corre-
sponds very closely to the subjective acuity measured with the same stimuli. In this pa-
per we discuss the pupillary responses of a group of 70 subjects who visited our clinic. 
Those of them with refractive errors of this group of 70 subjects, were fully corrected 
during measurements. In 32 subjects we describe the relation between the 'pupil acu-
ity' and subjective acuity. Of the other 38 subjects the available data are less com-
plete, mainly due to lack of or unreliable subjective acuity data, or lacking pupil re-
sponses to the type of stimulus used. We also compared the checkerboard acuity with 
that measured with classical Snellen letters. 
Methods 
The apparatus was described by Slooter and Van Norren ( 1980). Briefly it consists of 
an infrared sensitive television camera. The number of scanning lines crossing the dark 
image of the pupil provides a measure of the pupil diameter. The stimulus was gener-
ated on a television monitor. Responses to seven stimuli (one stimulus consists of one 
checkerboard and one blank field of equal luminance), which were presented with a 
frequency of 0.25 Hz, were averaged. The visual angle of the stimulus field was 4.8 X 
With permission reprinted from Documenta Ophthalmologica 50, 389-399 (1981). 
0012-4486/81/0502-0389 $ 1.65. 
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Fig. 1 a. Pupil reactions as a function of time to appearing disappearing checkerboards. 
The two vertical lines define the moments of appearance and disappearance, respect-
ively. 
Fig. 1 b. Relative pupil amplitude as a function of check size. Data taken from fig. 1 a. 
See text for a definition of response amplitude. 
3.6°, 2.4 X 1.8° and 1.2 X 0.9° respectively, obtained by changing the distance of the 
stimulus. In this way we could obtain a greater range in observed check sizes. In Figure 
1 a, an example is given of recorded pupil diameters as a function of time for one sub-
ject. The recording starts at the moment of the appearance of the checkerboard, the 
second vertical line indicates its disappearance. In Figure 1 b, the relative pupil ampli-
tude taken from Figure 1 a is plotted as a function of check size. The maximum ampli-
tude was defined as the mean of the two highest responses. On basis of a criterion of 
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Fig.2. Relation between subjective and pupil acuity for checkerboard stimuli for sub­
jects of table 1. The regression line is indicated in the figure. 
70% of the maximum response, the pupil visual acuity was defined (Slooter & Van 
Norren, 1980). The subjective checkerboard acuity was defined as the smallest size 
that was identified 5 times at the right moment i.e. of checkerboard appearance. 
Material 
The 70 subjects we measured can be divided into: 
12 subjects with amblyopia (Table 1) 
20 subjects with pathology of the visual system except amblyopia (Table 2) 
7 subjects with pathology of the visual system who lacked pupil responses to the type 
of stimulus used (Table 3) 
4 subjects with subjective checkerboard acuity but no pupil responses to the checker­
board stimulus (Table 4) 
23 subjects suspected for malingering and aggravation (Table 5) 
4 subjects with no visible eye pathology, with pupil responses to the checkerboard sti­
mulus, but with unknown Snellen acuity (Table 6). 
Results 
Figures 2 and 3 give the relation between the subjective and pupil acuity for checker­
board stimuli of 12 subjects with amblyopia (Table 1) and of the 20 subjects men­
tioned in Table 2. In Figure 2 a regression line was fit through the data prints. The corre­
lation coefficient was 0.91, the slope of line was 1.08. 
In Figure 3 the correlation coefficient was 0.97, the slope of the line was 1.33. We also 
compared the pupil checkerboard acuity with the Snellen acuity. 
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Table 1. 
Case Age Sex Snellen Subjective Pupil 
acuity checkerboard checkerboard 
acuity acuity 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
28 
8 
32 
14 
21 
9 
11 
8 
6 
9 
8 
21 
F 
M 
F 
M 
M 
M 
M 
M 
F 
M 
M 
F 
RE 0.60 
LE 0.50 
LE 0.17 
RE 0.07 
LE 0.05 
RE 0.10 
LE 0.08 
RE 0.50 
RE 0.30 
RE 0.10 
LE 0.50 
LE 0.03 
0.70 
0.36 
0.36 
0.044 
0.06 
0.176 
0.044 
0.176 
0.176 
0.176 
0.36 
0.06 
0.48 
0.45 
0.40 
0.06 
0.08 
0.24 
0.06 
0.25 
0.25 
0.22 
0.45 
0.08 
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Table 2. 
Case Age Sex Snellen Subjec- Pupil 
acuity live checker-
checker- board 
board acuity 
acuity 
Comment 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
40 
30 
15 
30 
27 
57 
53 
12 
9 
13 
23 
15 
60 
77 
50 
32 
50 
59 
59 
F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
M 
M 
F 
F 
M 
LE 
LE 
LE 
RE 
LE 
LE 
LE 
LE 
RE 
RE 
LE 
LE 
LE 
RE 
LE 
RE 
0.5 
0.17 
0.65 
0.8 
0.5 
0.16 
0.5 
0.16 
0.1 
0.05 
0.07 
0.08 
0.1 
0.8 
0.25 
0.13 
RE0.25 
RE 0.65 
RE0.20 
RE 
LE 
LE 
LE 
0.5 
0.25 
0.25 
0.08 
0.18 
0.04 
0.12 
0.18 
— 
0.04 
— 
0.02 
0.04 
0.04 
0.09 
0.11 
0.88 
0.04 
0.04 
— 
— 
0.11 
0.09 
0.09 
0.36 
0.20 
0.06 
0.12 
0.22 
0.24 
0.05 
0.15 
0.03 
0.03 
0.07 
0.07 
0.09 
0.12 
0.45 
0.07 
0.07 
0.055 
0.16 
0.055 
0.12 
0.08 
0.12 
0.22 
Multiple sclerosis, JgG raised in cere-
brospinal fluid 
Multiple sclerosis in history. (3 days be-
tween measurements) 
Multiple sclerosis in history. Central 
scotoma 
Multiple sclerosis in history. Central 
scotoma 
Optic atrophy. Orbita fracture 
Optic atrophy. Blunt trauma. (3 months 
between measurements) 
Chromofobe adenoma. Bitemporal 
hemianopia 
Leber in history. Optic atrophy 
Leber in history. Optic atrophy. Central 
scotoma 
Leber (?). Visual evoked response lat-
ency delayed 
Leber. Optic atrophy 
Maculopathy. Solar retinitis. Relative 
central scotoma 
Juvenile macula degeneration 
Senile macula degeneration 
Incipient cataract and senile macula 
degeneration 
Cataract cortical posterior. Measured 
with 200 cd/m2 light 
Cataract cortical posterior. Measured 
with 0.3 cd/m2 surrounding 
Retinitis pigmentosa. Ring scotoma. 
Electroretinogram non recordable 
Visual loss in childhood. Cause un-
known. 
Central vein thrombosis. Macula ede-
ma. Acuity earlier 1.0 
Senile macula degeneration. Macula 
edema. Metamorphopsia. Acuity earli-
er 1.0 
Figures 4 and 5 give the relation between the Snellen acuity and the pupil acuity for 
checkerboard stimuli of the same group of subjects, viz. the 12 subjects with ambly-
opia (Table 1) and the 20 subjects mentioned in Table 2. In Figure 4 the correlation 
was 0.81 and the slope of the line was 1.09. 
In Figure 5, when we excluded from Table 2 subjects with optic atrophy of Leber (sub-
jects 8,9 and 10) and metamorphopsia (subject 20) we find a correlation of 0.91 and a 
slope of 0.84. 
In the other 38 subjects we found the following: 
7 subjects with pathology of the visual system lacking pupil responses to the type of sti-
mulus used. 
Table 3. Snellen acuity inali cases was lower than 0.1. In all these cases the pupil did 
not react to our checkerboard stimulus. However, a normal pupil reaction to a light 
flash of 50 cd/m2 was found. 
Four subjects showed no pupil reactions to the checkerboard stimulus, while they 
could see the pattern (Table 4). Normal pupil reactions to a light flash of 50 cd/m2 
were present. 
27 subjects suspected for malingering and aggravation (Table 5). Because their Snell-
en acuity was unknown or uncertain we measured their pupil checkerboard acuity. 
Afterwards we again tried to obtain their Snellen acuity. Of 23 subjects we could ob-
tain a Snellen acuity . 
Of 4 subjects (table 6) we could not get any subjective information about their Snellen 
acuity. No pathology could be found in any of these patients. All patients were fully 
corrected during measurements. 
Discussion 
In the discussion we are using scheme 1. 
Subjective checkerboard 
acuity compared with 
pupil checkerboard acuity 
I Pupil reaction 
on the checkerboard 
stimulus 
II No pupil reaction 
on the checkerboard 
stimulus 
a Low vision 
b No low vision 
Pupil checkerboard 
acuity compared with 
Snellen acuity 
Known Snellen acuity 
IV Unknown Snellen acuity 
Scheme 1 
First we discuss the relation between the subjective and pupil acuity for checkerboard 
stimuli. 
I. We detect a pupil reaction to our checkerboard stimulus. For our subjects with am-
blyopia (Fig.2) and with various eye diseases (Fig.3) it seems quite possible to define a 
pupil checkerboard acuity which corresponds very closely to the subjective acuity, 
measured with the same stimuli. (High correlation 0.91 and 0.97 respectively). This 
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Fig.4. Relation between pupil checkerboard acuity and Snellen acuity for subjects 
with amblyopia of table 1. 
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with eye diseases of table 2. 
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Table 3. 
Case Age 
1 
2 
3 
4 
5 
6 
7 
34 
65 
58 
68 
47 
32 
40 
; Sex 
F 
F 
M 
M 
F 
F 
M 
Snellen 
acuity 
LE 0.05 
RE no pere. 
LE 0.03 
LE<0.1 
RE<0.1 
LE 0.01 
LE 0.02 
LE no pere. 
RE 0.02 
RE 0.02 
Subjec­
tive 
check­
erboard 
acuity 
— 
• "
—
~ 
— 
— 
— 
— 
Pupil 
check­
er­
board 
acuity 
— 
— 
— 
— 
— 
Pupil 
reaction 
(50 cd/ 
m2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Comment 
ι 
Optic atrophy. Epilepsy 
Optic atrophy. Multiple 
sclerosis. JgG raised 
Pituitary tumor. Quad-
rantic homonymous de­
fect 
Optic atrophy. Syphilis 
Optic atrophy. Central 
scotoma. Cause un­
known 
Optic atrophy. Meningitis 
in history 
Optic atrophy. Cerebel­
lum disease 
Table 4. 
Case Age Sex 
1 45 
2 19 
3 14 
4 11 
F 
M 
F 
M 
Snellen 
acuity 
LE 0.8 
LE 0.5 
LE 0.1 
RE 0.1 
LE 0.5 
RE 1.0 
Subjec­
tive 
check­
erboard 
acuity 
0.36 
0.36 
>0.09 
>0.5 
0.36 
0.36 
Pupil 
check­
er­
board 
acuity 
— 
— 
— 
— 
— 
Pupil-
reaction 
(50 cd/ 
m2 
+ 
+ 
+ 
+ 
+ 
+ 
Comment 
Pupil reaction diminished (Us­
ing drugs; orphenadrine-HCI, 
Ergotamine tartrate) 
Bad fixation 
No eye pathology could be 
detected. 
Amblyopia 
No eye pathology could be 
detected. 
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Table 5. Unknown or uncertain. 
Case Age Sex Snellen Subjective 
acuity checkerboard 
acuity 
Pupil 
checker-
board 
acuity 
0.6 
0.7 
0.6 
0.6 
>0.5 
0.6 
>0.5 
>0.5 
>0.5 
>0.7 
>0.5 
>0.5 
>0.5 
>0.5 
>0.5 
>0.5 
>0.5 
0.6 
>0.5 
>0.5 
0.50 
>0.50 
>0.50 
>0.50 
Later 
Snellen 
acuity 
1.0 
1.0 
1.0 
1.0 
0.9 
0.9 
1.0 
1.0 
1.25 
1.25 
1.0 
0.9 
0.8 
1.0 
0.8 
1.2 
1.0 
1.0 
0.7 
0.7 
0.8 
1.0 
1.0 
0.8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
14 
36 
30 
31 
8 
31 
31 
17 
23 
16 
40 
13 
9 
40 
46 
44 
7 
19 
13 
45 
41 
6 
40 
F 
M 
F 
M 
F 
M 
F 
F 
M 
F 
M 
F 
M 
M 
M 
F 
M 
F 
M 
M 
F 
M 
M 
LE 0.17 
RE 0.1 
RE 0.5 
RE no pere. 
LE no pere. 
RE no pere. 
LE no pere. 
RE 0.5 
LE 0.6 
LE 0.1 
LE 0.02 
RE 0.3 
LE 0.1 
LE 0.1 
RE no pere. 
LE 0.007 
LE 0.5 
LE 0.007 
RE 0.25 
RE 0.25 
RE 0.02 
RE 0.1 
LE 0.06 
RE 0.06 
0.35 
0.7 
0.36 
was also found for subjects with healthy eyes (Slooter and Van Norren, 1980). We 
have also found in our material that a linear relation (slope close to 1 ) exists between 
the subjective and objective pupil checkerboard acuity. It seems that the pupil check-
erboard acuity with our method does not strongly depend on the checkerboard sizes 
we used. 
II. We could not detect a pupil reaction to our checkerboard stimulus. We distinguish 
two cases, a. and b. 
a. Snellen acuity is poor. Also subjectively our checkerboard stimulus could not be de-
tected (Table 3). To check if there was a classical pupil reaction, we used a light flash of 
50 cd/m2. In future we hope we can use a greater stimulus to obtain larger check sizes 
to get better results with subjects with low vision. 
b. Subjectively the checkerboard could be detected but the pupil did not react to the 
same checkerboard stimulus. The pupil reaction was also checked by a light flash of 
45 
50 cd/m 2 and here we detected a reaction. In future we hope to use a checkerboard 
stimulus of more than 50 cd/m 2 to get better results with this group. 
Secondly, we discuss the relation between the checkerboard and the Snellen acuity. 
III. In Figure 4 we give the results of subjects of Table 1, Figure 5 shows the results of 
subjects of Table 2. In these cases there is also a somewhat lower correlation. This may 
be explained by the fact that we have included more different types of subjects. There 
are also some subjects with eye pathology who show a non linear relation between 
Snellen acuity and pupil checkerboard acuity. We have found that our patients with 
Leber optic atrophy have a better pupil checkerboard acuity than a Snellen acuity. 
This may be explained by the fact that these subjects had a small functional visual field 
in their central scotoma with which they could only see a small part of the Snellen opt­
otype. The subject (20) with metamophopsia (senile maculopathy), also shows a non 
linear relation. This may be explained by the effect of distorted vision which hampers 
reading of optotypes, but does hardly effect the detection of the regular checkerboard 
pattern. Knowing, however, the cause of the pathology of the visual system, we can 
predict within certain limits the Snellen acuity from the pupil checkerboard acuity. 
IV. Unknown Snellen acuity. 
There are subjects (Table 5) suspected for malingering and aggravation. Knowing 
from Figures 4 and 5, that a pupil checkerboard acuity of more than 0.5 gives a Snellen 
acuity of more than 0.5, we did not use all available check sizes. When we found a pu­
pil checkerboard acuity of 0.5, we again tried to get subjective information about their 
Snellen acuity. In all these cases a Snellen acuity of more than 0.5 was found There 
are four subjects (Table 6) left m our material, with pupil responses to our stimulus, but 
who denied that they could see even the largest checks. However, the high correla­
tion between pupil checkerboard and subjective checkerboard acuity allows the ac­
ceptance of the pupillary response measurement as an objective measure for visual 
acuity. 
I thank Dr D. van Norren and Professor Dr. Η E. Menkes for their remarks on this 
manuscript. 
Table 6. Unknown or uncertain. 
Case Age Sex Snellen Subjective Pupil The best 
acuity checkerboard checkerboard obtained 
acuity acuity Snellen 
acuity 
LE 0.1 
RE pere. 
LE pere. 
RE pere. 
RE 0.1 
LE 0.1 
? 
No pere. ? 
No pere. ? 
No pere ? 
No pere. ? 
No pere ? 
0.6 
0.5 
0.6 
0.5 
0.6 
0.6 
46 
1 43 M 
2 40 M 
3 28 M 
4 21 F 
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CHAPTER 7. 
VISUAL ACUITY MEASURED BY PUPIL RESPONSES 
AND VISUALLY EVOKED CORTICAL POTENTIALS. 
Keywords. 
Visual acuity, pupil responses, visually evoked cortical potentials, checkerboard. 
Abstract. 
The visual acuity of a group of 50 subjects who visited our clinic was measured with 
pupil responses and visually evoked cortical potentials (VECP). 
A checkerboard stimulus was used in both experiments. 
The Snellen visual acuity was also measured. 
The pupil response acuity appeared to correspond more closely with the subjective 
checkerboard acuity than with the results obtained by VECP. Moreover, the pupil acu-
ity yielded a high correlation to the Snellen acuity. So, with the pupil response method 
the Snellen acuity can be assessed more reliably. 
It therefore becomes possible to extrapolate the results obtained objectively to the 
subjective test by a Snellen chart, which is used in the clinical routine. 
Introduction. 
Van der Kraats and Slooter (1977) described pupil contractions to checkerboard sti-
muli. 
Slooterand Van Norren (1980), and Slooter (1981) using the same technique, found 
that for subjects with refractive errors and for subjects with pathology of the visual sys-
tem, the pupil checkerboard acuity corresponds very closely to the subjective acuity 
measured with the same stimuli. 
Grail (1976) reported high correlations between Snellen acuity and acuities obtained 
on the basis of changes in VECP's to a reversing checkerboard stimulus for subjects 
with refractive errors. In this paper we compared the acuity measured by pupil re-
sponses with that measured by VECP and the subjective Snellen method. 
Material and Methods. 
50 Patients with and without pathology of the visual system were measured. Refrac-
tive errors were fully corrected for in all subjects. 
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Pupillary acuity measurements. 
The apparatus for measuring the pupil responses was described by Slooter and Van 
Norren ( 1980). Briefly it consists of an infrared sensitive television camera. The num­
ber of TV-lines crossing the dark image of the pupil provides a measure of the pupil di­
ameter. The stimulus was generated on a television monitor. Responses to ten stimuli 
(one stimulus consisted of a checkerboardfield alternated with a blank field both with 
an average luminance of 60 cd/m2), which were presented with a frequency of 0 25 
Hz, were averaged. The visual angle of the stimulus field was 6.5 χ 4.9°. The check 
sizes which were used correspond to: 0.015, 0.03, 0.06, 0.12, 0.25, 0.5 mm '. 
The contrast of the white checks was 9 0 % . 
As a response measure we took the difference between the average pupil diameter 
during a period of 200 ms before a pupil reaction is expected (latency about 100 ms) 
and during a 200 ms interval at the maximum amplitude of the contraction (latency 
700 to 800 ms). 
On the basis of a criterion of 7 0 % of the maximum response the pupil visual acuity 
was estimated by interpolation of the graph of the pupil response versus the check 
size (see chapter 5). 
Pattern VECP, acuity measurements. 
The pattern visual evoked potentials were elicited by a pattern reversal stimulus of two 
reversals per second. 
A slide projector system (Devices, Nuovoscop 50 J D.) was used, m which a small mir­
ror was alternately rotated from one position to another, and back, by an electro me­
chanical drive. The angle of rotation was carefully adjusted to yield a displacement of 
the checkerboard pattern equal to one check. 
The surface E.E G was derived from a scalp electrode placed 1 cm above the imon on 
the midline (Oz) referenced to the right earlobe (A?). 
VECP's were amplified,(custom made amplifier, bandwidth 0.1 Hz - 3 KHz), averaged 
and quantified with a signal averaging system A total of 50 sweeps was averaged. 
The field size was 30 degrees visual angle, the check sizes correspond to 0 015, 0 02, 
0 035, 0 044, 0.09, 0 1 3, 0.16, 0.22, 0.28 mm ' respectively. The average luminance 
of the checkerboard was 80 cd/m 2 , the contrast of the checks being 90%. The dis­
tance to the stimulus was kept constant at 0.8 metre The visual acuities were derived 
from an extrapolation of the amplitude of the changes in visual evoked potentials to 
zero in a graph of amplitude versus check size (Vernon 1977 and Grail 1975). The in­
verse (mm ' ) of the check size corresponding to zero VECP amplitude is defined as the 
VECP acuity. 
The subjective checkerboard acuity was defined as the smallest size that was identifi­
ed 5 times at the right moment i.e. of checkerboard appearance, (Slooter, 1981), 
when alternating a diffuse field with a checkerboard of equal average luminance. 
The average luminance was 60 cd/m 2 , contrast being 9 0 % . 
Check sizes 0 015, 0.03, 0 06, 0.12, 0 25, 0.5 mm '. 
50 
Results. 
Fig.la. Visually evoked cortical potentials to different check sizes of one subject. 
VECP amplitude 
10 (μν) 
Inverse of check size (mm ') 
Fig. 1 b. Amplitude of the evoked potentials of Fig. 1 a (C III to baseline) as a function of 
check size. 
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Snellen acuity 
(mm 1 ) J O 
0 0 1 0 2 0 3 
VECP Checkerboard acuity (mm ') 
Fig 2 Relation between subjective Snellen acuity and acuity obtained with visually 
evoked cortical potentials (regression line y •= 6 1 x) 
The inverse (mm }) of the check size corresponding to /ero VECP, amplitude is de­
fined as the VECP acuity 
The relation of the VECP acuity to the Snellen acuity was experimentally verified (y •=» 
α χ ) In this equation y is the predicted acuity and χ the spatial frequency of the 
checkerboard at the threshold (adopted from Grail et al 1976) The equation was ob­
tained from the results obtained from 8 subjects without pathology of the visual sys­
tem Monocular visual acuities ranged from 0 03 to 1 7 m m 1 Snellen acuity, when the 
refractive error of the eye was uncorrected 
In Fig 2 The Snellen acuity and the acuity obtained with visual evoked potentials of 8 
subjects with uncorrected vision are given The linear equation describing the relation 
is y = 6 1 χ in which y is the predicted decimal and χ the checkerboard acuity 
For 50 subjects, who visited our clinic, the Snellen acuity, subjective checkerboard 
acuity, pupil checkerboard acuity, and the VECP checkerboard acuity (Table I) were 
estimated The linear correlation coefficient between the pupil checkerboard acuity 
with respect to the subjective checkerboard acuity appears to be 0 79 (Table I) 
Fig 3 The first 9 subjects m Table 1 were normal subjects When the Snellen acuity da­
ta of these subjects are related to the pupil checkerboard acuity the linear regression 
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Fig.4. Relation between subjective Snellen acuity and Snellen acuity derived from 
visually evoked cortical potentials for checkerboard stimuli for subjects of 
Table 1. (logarithmic scales). 
equation y=3.1 χ results (correlation coefficient 0.80) This equation was employ­
ed to calculate the pupil acuity of fig.3. 
Fig.4. gives the relation between the Snellen acuity and the acuity obtained by visual 
evoked potentials elicited by checkerboard stimuli for the same group of subjects of 
Table I. (Used was the equation у = 6.1 χ). 
The linear correlation coefficient was 0.47 which is relatively poor. 
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Discussion. 
The pupil checkerboard acuity corresponds closely to the subjective acuity measured 
with the same stimuli (correlation 0.79, slope of the regression line 1.0). 
This was also described by Slooter and Van Norren (1980) for normal subjects (corre-
lation 0.96) and for subjects with pathology of the visual system by Slooter (1981), 
(correlation 0.97). 
The patients involved in the latter study were selected on a basis of cooperative atti-
tude in order to be able to obtain a check of the method without any bias. This may ex-
plain the relatively high correlation coefficient obtained for that group. 
The results of Slooter and Van Norren ( 1980) i.e. the relation between subjective acu-
ity versus Snellen acuity and pupil acuity versus subjective checkerboard acuity indi-
cates that the subjective Snellen acuity ~ (pupil acuity)1·8. 
In the latter study selected normal subjects with refractive errors only were involved. 
The results presented in this chapter for pathological cases indicate that the Snellen 
acuity corresponds closely to the pupil acuity (proportionality). Knowing the pupil 
acuity we may predict the Snellen acuity. 
Our method of estimating the acuity by means of the evoked potential amplitude has 
been described in literature (see for a survey and discussion Regan, 1980). This author 
concludes that no completely satisfactory VECP procedure for estimating Snellen acu-
ity has yet been established. This conclusion is supported by the results of this study, 
since a large spread was found (Fig.4.). The measurement of the Snellen acuity by 
means of the amplitude of the pupil response to a checkerboard stimulus is shown to 
be rather acceptable (Fig.3.), so it may be concluded that this method is to be pre-
ferred for the objective assessment of this acuity. 
Not only patients with pathology of the visual system but also patients suspect for mal-
ingering and psychogenic amblyopia (Van Veen and Van Balen 1981, Krill 1967, 
1968) can be measured reliably. 
Table 1. 
Age Sex Snellen Subjective Pupil VECP Comment 
acuity Checker- Checker- Checker-
board board board 
acuity acuity acuity 
1.24 1 
2. 23 f 
3. 20 f 
4. 24 f 
5.20 f 
6. 28 f 
: LE 1.0 
:
 LE 1.0 
:
 RE 1.7 
:
 RE 1.7 
:
 LE 1.7 
vt RE 1.0 
LE 1.3 
0.5 
0.5 
0.5 
0.5 
0.5 
0.25 
0.25 
0.36 
0.33 
0.40 
0.60 
0.45 
0.35 
0.65 
0.16 
0.30 
0.30 
0.16 
0.30 
0.10 
0.13 
no pathology 
no pathology 
no pathology 
no pathology 
no pathology 
no pathology 
no pathology 
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(Table 1) 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
22. 
23. 
24. 
25. 
26. 
27 
28 
Age 
7 
55 
56 
43 
48 
13 
43 
45 
63 
25 
36 
27 
26 
15 
31 
55 
48 
34 
9 
36 
53 
35 
Sex 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
F 
M 
Snellen 
acuity 
RE 0.9 
LE 1.0 
LE 0.8 
RE 1.2 
LE 1.0 
RE 0.25 
RE 0.07 
LE 0.02 
LE 0.1 
LE 0.017 
LE 0.07 
RE 0.4 
RE 0.6 
LE 0.4 
RE 0.5 
LE 1.0 
LE 1.0 
LE 0.4 
RE 0.5 
RE 1.0 
RE 0.8 
LE 1.0 
RE 1.0 
LE 0.8 
RE 0.07 
LE 0.03 
RE 0.28 
LE pere. 
RE 08 
LE 1.25 
RE 0.5 
LE 0.5 
RE 0.017 
LE 0.1 
RE 1.6 
LE 0.5 
Subjective 
Checker­
board 
acuity 
0.25 
0.25 
0.25 
0.50 
0.50 
0.015 
0.05 
0.05 
0.06 
п.г. 
— 
0.12 
0.25 
0.25 
0.25 
0.50 
0.25 
0.25 
0.12 
0.5 
0.25 
0.25 
0.25 
0.25 
0.015 
0.015 
0.12 
п.г. 
0.5 
0.5 
0.25 
0.25 
0.015 
0.06 
— 
— 
Pupil 
Checker­
board 
acuity 
0.20 
0.25 
0.35 
0.25 
0.50 
0.012 
0.06 
0.08 
0.035 
n.r. 
0.007 
0.125 
0.10 
0.10 
0.12 
0.28 
0.16 
0.25 
0.10 
0.6 
0.25 
0.30 
0.26 
0.24 
0.015 
0.007 
0.05 
n.r. 
0.20 
0.20 
0.28 
0.25 
0.015 
0.04 
0.50 
0.25 
VECP 
Checker­
board 
acuity 
n.r. 
n.r. 
0.16 
0.17 
0.16 
0.16 
0.16 
0.05 
0.05 
n.r. 
0.01 
0.01 
0.07 
0.01 
0.16 
0.16 
0.05 
0.06 
0.05 
0.16 
n.r. 
n.r. 
0.24 
0.16 
0.16 
0.15 
0.01 
n.r. 
0.16 
0.16 
0.07 
0.12 
0.06 
0.16 
0.16 
0.16 
Comment 
no pathology 
no pathology 
no pathology 
no pathology 
no pathology 
Blunt trauma optic 
atrophy 
Blunt trauma optic 
atrophy 
Optic neuritis 
Optic neuritis (4 
months later) 
Optic neuritis 
Optic neuritis 
Optic neuritis 
Optic neuritis 
No pathology 
Optic neuritis 
Optic neuritis 
Optic neuritis Multi­
ple sclerosis 
Optic neuritis in his­
tory 
Optic neuritis 
No pathology 
No pathology 
Optic neuritis 
Optic atrophy 
(Trauma) 
Optic atrophy 
Leber optic atrophy 
Leber optic atrophy 
Amblyopia 
No pathology 
Amblyopia 
Amblyopia 
Macula edema 
Macula edema 
No pathology 
Macula edema 
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(Table 1) 
29. 
30. 
3 1 . 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
4 1 . 
42. 
43. 
44. 
45. 
Age 
13 
35 
69 
49 
36 
53 
45 
15 
18 
33 
55 
16 
22 
42 
27 
58 
9 
Sex 
F 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
F 
F 
M 
M 
F 
M 
Snellen 
acuity 
RE 0.5 
LE 0.5 
RE 0.03 
LE 0.8 
RE 0.17 
LE 0.5 
RE 0.8 
LE 0.8 
RE? 
LE? 
RE 0.8 
LE 0.5 
RE Pere? 
LE 0.3 
RE 1.0 
LE 1.0 
RE? 
LE 1.5 
RE 1.0 
LE 0.5? 
RE 0.17? 
LE 0.25? 
LE 0.3? 
LE 0.3? 
RE 0.17? 
0.17? 
RE? 
LE? 
RE? 
LE? 
RE ? 
Subjective 
Checker­
board 
acuity 
0.12 
0.12 
п.г. 
0.25 
0.25 
0.25 
0.25 
0.5 
0.50 
0.5 
0.25 
0.25 
? 
? 
? 
? 
0.25 
0.5 
0.5 
0.25 
? 
? 
? 
0.5 
? 
? 
η.г. 
η.г. 
η.г. 
η.г. 
0.5 
Pupil 
Checker­
board 
acuity 
0.15 
0.20 
n.r. 
0.4 
0.12 
0.15 
0.12 
0.35 
0.4 
0.3 
0.3 
0.3 
0.14 
0.14 
0.30 
0.40 
0.25 
0.40 
O.60 
0.25 
0.28 
0.30 
0.50 
0.60 
0.60 
0.60 
0.25 
0.50 
0.60 
0.70 
0.50 
VECP 
Checker­
board 
acuity 
n.r. 
n.r. 
n.r. 
0.16 
0.16 
0.16 
0.07 
0.07 
0.15 
0.16 
0.16 
0.15 
0.01 
0.01 
0.24 
n.r. 
0.16 
0.17 
0.16 
0.16 
0.06 
0.06 
0.16 
0.16 
0.15 
0.16 
0.16 
0.17 
0.16 
0.16 
0.05 
Comment 
Nystagmus 
Nystagmus 
Lens Luxation 
Cataract cortical 
posterior 
Incipient cataract 
Incipient cataract 
Using drugs 
(Ethambutol) 
Using drugs 
(Isoniazid) 
Scrofulous 
pannus 
Unknown acuity 
n.p. 
Known acuity n.p. 
Psychogenic ambly­
opia 
n.p. 
Malering later Snel­
len acuity 0.8 
n.p. 
n.p. 
Malingering suspect 
for multiple sclerosis 
Malingering n.p. 
Malingering n.p. 
Psychogenic ambly­
opia n.p. 
Malingering n.p. 
Malingering n.p. 
Malingering n.p. 
Snellen acuity later 
1.0 
Snellen acuity later 
1.2 
Snellen acuity later , 
1.7 
Snellen acuity later 
1.0 
Psychogenic ambly­
opia acuity 0.9 
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(Table 1) 
Age Sex Snellen 
acuity 
Subjective 
Checker­
board 
acuity 
Pupil 
Checker­
board 
acuity 
VECP 
Checker­
board 
acuity 
Comment 
46. 26 F RE ? 0.25 
LE ? 0.25 
47. 9 M RE ? 0.5 
48. 46 M RE pere? п.г. 
LE 0.3? 0.03 
49. 36 M RE ? п.г. 
LE ? п.г. 
50. 43 M RE ? ? 
LE ? ? 
0.35 
0.40 
0.55 
n.r. 
0.07 
0.25 
0.06 
n.r. 
n.r. 
0.05 
0.05 
0.05 
n.r. 
0.06 
0 01 
0.01 
0.01 
n.r. 
Snellen acuity later 
0.5 
Snellen acuity later 
0.8 
Psychogenic ambly­
opia, acuity 0 9 
Glaucoma visual 
field damage 
Glaucoma 
Snellen acuity un­
known 
Amblyopia, Snellen 
acuity unknown 
Closed eyes 
Closed eyes 
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CHAPTER 8 
CONTRAST THRESHOLD AS A FUNCTION OF 
CHECK SIZE MEASURED BY PUPIL RESPONSES. 
Acknowledgement. I thank Dr. C.J. van derWildt for his critical remarks on this chap­
ter. 
Introduction. 
Isolated losses of contrast sensitivity exist in certain eye diseases ( for instance, ambly­
opia, glaucoma, optic neuritis) and sometimes loss of contrast sensitivity is more 
prominent and disturbing to the patient than the loss of visual acuity. 
The importance of measuring contrast sensitivity in cases of visual disturbance is de­
scribed by several authors (Arden, 1978; Enoch, 1979, Freeman, 1975, Hess, 1977). 
The pupillary contrast threshold for checkerboard stimuli was compared with the psy­
chophysical contrast threshold 
Two subjects were involved in this study, with no pathology of their visual system esta­
blished with the usual ophthalmological examination procedures (acuity, visual field) 
Some aspects of measuring pupil responses at low contrast levels will be discussed. 
Methods. 
The apparatus for measuring the pupil response is described m Chapter 3 A TV moni­
tor was used as the stimulation device. Mean luminance of the Τ V screen: 60cd/m¿, 
with a checkerboard pattern of contrasts between 0 01 and 0 9. 
In the following the contrast will be specified in decibel (dB), which is a logarithmic 
unit and is defined as· decibel=20 log1(l(contrast). 
Therefore, the employed contrast range runs from -40 to -1dB. 
The visual angle of the stimulus subtended 6 5 χ 4.9 degrees 
The check sizes which were used are 0 015, 0.03, 0.06, 0 12, 0.25, 0.5 mm ' (ι e. the 
inverse of the check size is employed m order to have the opportunity of a direct com­
parison to the usual measure of visual acuity). 
The pupil contraction was measured by an infrared TV camera system. (Chapter 3) 
As a response we took the difference between the average amplitude during a period 
of 200 ms before any pupil reaction was visible (latency about 100 ms) and during a 
200 ms interval at the maximum amplitude of the contraction, (latency 700 to 800 ms) 
(see Chapter 3). 
The pupil contraction was plotted versus contrast level and the threshold contrast was 
obtained by interpolation to zero response. 
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Psychophysical Methods. 
A psychophysical threshold was obtained in the following way : A series of maximal 27 
stimuli was presented to the subject. 
One stimulus cycle consisted of a period of 2 seconds in which a checkerboard ap­
peared with a mean luminance equal to that of the diffuse screen that was present be­
fore and after the stimulus period. The psychophysical threshold was measured with a 
staircase up and down method with gradually decreasing steps of lOdB, 5dB, and 
IdB (chosen by the computer program). 
The threshold level was obtained by averaging the last 8 trials with minimum steps of 
1 dB around the approached threshold level. The mean value of the results of three 
series was taken as the threshold. The check size remained fixed during one series. 
The procedure was then repeated for the next check size till the whole range was 
done. The subject's attention was alerted with a short sound signal preceeding the vis­
ual stimulus. After the 2 second stimulus period the diffused screen remained visble 
for another 2 seconds, and the subject was asked to respond during this latter period 
by pushing a button whenever a checkerboard was observed. 
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Fig.1. Pupil contractions as a function of contrast level for one check size (0.06 m i n ' ) 
The regression line is indicated in the figure. 
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Fig.2. A and В Contrast (and contrast sensitivity) plotted as a function of check size for 
two subjects (logarithmic scales). Pupillary and psychophysical results 
are given. The vertical bars represent the standard error of the mean. 
Results. 
The pupil responses at different contrast levels for one subject are given in Fig. 1. The 
measurements were repeated three times. Every point presents the mean of ten runs. 
The contrast threshold at a certain check size was obtained by measuring the pupillary 
contractions at different contrasts around the expected threshold. The intercept of the 
best fitting straight line with the line of zero contraction was defined as the threshold. 
Fig.2 shows the contrast threshold as a function of check size for two subjects. Every 
data point is the mean of three measurements. The bars represent the standard error 
of these measurements. 
The contrast threshold levels obtained with the psychophysical method are displayed 
in the same figure. It appears that the contrast sensitivity for the psychophysical mea­
surements is approximately 10dB (a factor of 3) higher than the pupillary contrast sen­
sitivity. In system analysis theory this kind of curve is termed the (modulation) transfer 
function i.e. the relation of the magnitude of the output signal to the frequency result­
ing from a fixed input level. 
Here the reverse situation is present, i.e. a display of the input level yielding a fixed 
output level. This reversion is allowed in case a linear system is involved, and the 
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Fig.3. Pupil contractions as a function of time for two different contrast levels. 
• "Best fitting" delay perioc 
о Constant delay 
• ' * ' ' ' * ' ' ' * 
0.01 0 05 0.1 
Inverse of check size (min ') 
0.5 
Fig.4. Contrast (and contrast sensitivity) for pupil responses plotted as a function of 
check size (logarithmic scales). 
Measured with a constant measuring delay and measured with the "best fitting" 
delay. 
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threshold is independent of the spatial frequency A problem connected to the em-
ployment of different contrasts and therefore also low contrast levels, should be men-
tioned here At low contrast levels a "negative" pupil response may be found. (Fig 3) 
This is due to a change of the latent period of the pupil response as compared to the 
response at higher levels 
When the pupil response would have been measured at the maximum response level 
probably more consistent results could have been obtained, but this was not possible 
with the employed equipment The pupil contraction as a function of check size is dis-
played m Fig 4 while using two methods for estimating the pupil response 
a) Measured with the "best fitting" delay between the measuring windows (see Chap-
ter 3) 
b) Measured systematically with a constant delay 
The first method yielded a higher contrast sensitivity, the difference is 3 dB on average 
(corresponding to the upward shift of the contrast sensitivity curve) but no systematic 
errors resulted from the latency changes 
Discussion. 
The shape of the transfer functions obtained with the pupillary response appears to be 
m good agreement with that of the transfer functions obtained with the psychophysi-
cal method except for the enhancement m latter curves at 0 1 mm 1 - This might indic-
ate a common part of the visual system shared by the pupillary system and the percep-
tive system This was also found by van der Klauw, 1981 
At very low contrast levels a prolongation of the latent period of the pupillary light ref-
lex was observed, but it could be shown that this did not change the shape significant-
ly 
An alternative method for assessing the latency of a response to a stepwise stimulus 
could bea Fourier analysis of the response thus enabling the estimation of the latency 
from the phase spectrum (e g Van der Wildt, 1973 Krijn, 1982) 
Contrast sensitivity functions were also obtained with Visual Evoked Cortical Poten-
tials with a checkerboard as a stimulus (Parkei and Salzen, 1977) However, most in-
vestigators prefer sine-wave gratings to measure VECP contrast sensitivity Checker-
boards are rich in spatial harmonic components and in this sense are more complex 
stimuli than sine-wave gratings A great deal of current evidence, both psychophysical 
(Blakemore and Campbell, 1969, Graham and Nachmias, 1971) and neurophysio-
logical (Maffei and Fiorentini, 1973, Movshon et al, 1978, De Valois et al , 1979) im-
plies that these harmonic components may be processed by independent filters or 
channels The physiological consequences of such processing would be more activity 
m the cortex and perhaps greater complexity of the VECP waveform in response to a 
checkerboard 
jones and Keck ( 1978), commented that when sine-wave gratings were used, evoked 
response waveforms were remarkably consistent between subjects 
For these reasons contrast sensitivity functions obtained by sine-wave gratings from 
the pupil responses may be preferable An argument against sine-wave gratings in a 
clinical set-up is however that at present generally a checkerboard stimulus is used for 
VECP measurement, so the present results are more suited to this purpose 
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CHAPTER 9 
MEASUREMENTS OF THE PUPIL RESPONSES IN THE 
VICINITY OF THE THRESHOLD. 
Acknowledgements. I thank Dr. C.J. van de Wildt of his critical remarks on this chap-
ter. 
Abstract. 
The absolute psychophysical and the pupillary thresholds to checkerboard stimuli 
were estimated for two subjects. 
The pupillary threshold was defined as the check size which just yielded no pupillary 
response, when using a 90% contrast, which is the upper limit of the stimulus. 
The psychophysical threshold was defined as the check size which could be per-
ceived in 50% of the cases by visual perception by the same subjects. 
The pupillary threshold and the psychophysical threshold appeared to be compar-
able to a first approximation. 
Introduction. 
A systematic shift was found between pupil and psychophysical contrast sensitivity 
functions. (Chapter 8). 
At low contrast levels a prolongation of the latent period of the pupil response was ob-
served. (Chapter 8). 
At high contrast levels no prolongation of the latent period of the pupil responses was 
observed. 
It would be interesting to know if there is any systematic shift between pupil and psy-
chophysical high contrast functions in the vicinity of the threshold. 
Material and Methods. 
The apparatus for measuring the pupil response is described in Chapter 3. 
Briefly, it consists of an infrared sensitive television camera. The number of scanning 
lines crossing the dark ¡mage of the pupil provide a measure of the pupil diameter. 
The stimulus is generated on a television monitor (Philips White Phosphor L.H.D. 
2110). 
Average luminance 60 cd/m2). Visual angle of this stimulus field is 2.3 χ 2.3 degrees. 
(Contrast 0.9). 
Check size between 1 and 2.5 min. 
We averaged out the responses of five runs. One run consisted often stimuli. One sti­
mulus consisted of a checkerboard presentation followed by a blank field of equal 
overall mean luminance. 
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The stimulus repetition frequency used was 0.25 Hz. 
The visual angle of the stimulus field was kept constant during measurement, while the 
different check sizes were obtained by changing the distance of the subject to the sti-
mulus (T.V. monitor). 
The checkerboard size of the stimulus was chosen close to 50% visual identification 
of the checkerboard appearance. 
The psychophysical value was calculated by the percentage of identification of the 
checkerboard appearance. The mean percentage of five runs was taken as the thresh-
old. 
appearing disappearing 
Fig.1. Pupil contractions as a function of time to the appearance-disappearance of 
checkerboards (one subject). 
The two vertical lines define the moments of appearance and disappearance 
respectively. 
Check sizes are given in min. 
The calculated pupil contraction is give in mm. 
The pupil response to the appearance of the checkerboard stimulus was calculated by 
a microprocessor system from the pupil size at two different moments of the stimulus 
cycle. 
The first point was the average amplitude measured during a period of 200 ms before 
any pupil reaction was visible (latency 100 ms). The second point was during a 200 ms 
interval at the max. amplitude of the contraction, (latency 500 ms) The response is de-
fined as the difference between these two measurements. 
Results. 
In Fig.1 an example is given of recorded pupil diameters as a function of time for one 
subject. 
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Fig.2A 
Fig.2B 
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Fig.2. A and B. Relative mean pupil contractions and relative mean psychophysical 
values identifying the appearance of the checkerboard as a function of check 
size for two subjects. The error bars represent the standard error of mean. 
See text for a definition of both pupil contraction and psychophysical values. 
The recording starts at the moment of the appearance of the checkerboard, the sec-
ond vertical line indicates its disappearance. 
Two subjects without pathology of the visual system were measured (one eye). Snell-
en acuity 1.5 and 1.2 respectively. The mean relative pupil contraction as a function of 
check size and the mean percentage of identifying the appearance of the checker-
board as a function of check size are shown in fig.2A and B. 
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A mean relative pupil contraction of 100 corresponds to a pupil contraction of 0.07 
mm. 
A mean relative psychophysical value of 100 corresponds to a 100% identification of 
the appearance of the checkerboard. 
Discussion. 
The absolute threshold of a physiological phenomenon, i.e. a positive pupil contrac-
tion, was found to correspond very closely to the threshold of subjective perception 
of the checkerboard (Fig.2). 
The check size corresponding with the absolute psychophysical threshold yielded on-
ly a 0.02 mm. pupil contraction (Fig.2A and B). 
The difference between the psychophysical threshold and the pupillary threshold is 
approximately 0.1 min in this case. 
This indicates a high resolution power of the pupillary reflex to checkerboards. 
These more accurate threshold measurements discussed in this chapter confirm the 
results of chapter 8 in that psychophysical and pupillary contrast threshold are of the 
same order of magnitude. At high contrast levels (« 0.9) and at small check sizes (= 0.5 
min1) a small horizontal shift was found, corresponding to approximately 1 min. 
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CHAPTER 10 
LATENT PERIOD OF THE PUPILLARY LIGHT REFLEX. 
Key words: Pupillary light reflex, latency, checkerboard stimulus. 
Introduction. 
Several authors described a prolonged latent period of the pupillary light reflex in pa­
tients suffering from optic neuritis, optic atrophy or anterior ischemic optic neuropa­
thy. 
(Lowenstem 1954; Thompson 1966; Miller and Thompson 1978; Fison et al. 1979 
and Alexandridis 1981, 1982). These results were obtained by using a luminance sti­
mulus (on, or on-off) and the delay these authors found was 50-100 ms. 
The purpose of this study was to investigate if a prolonged latent period of the pupil 
light reflex to a checkerboard contrast stimulus exists, compared to a diffuse lumin­
ance stimulus. Furthermore whether pathologic conditions of optic neuritis or visual 
cortex influence the latency. 
The latent period of the pupil responses was measured by means of infrared pupillog-
raphy in patients with pathology of the optic nerve, the visual cortex and without pa­
thology of the visual system. Therefore eventual differential effects of the two kinds of 
stimuli related to pathology could be investigated as well. 
Method and Subjects. 
The apparatus and the stimulus for recording the pupillary diameter was described by 
Slooter and van Norren (1980). Briefly the apparatus for measuring the pupil re­
sponses consists of an infrared source and an infrared sensitive television camera. The 
number of TV lines crossing the dark image of the pupil provides a measure of the pu­
pil diameter. The latent period was defined as the time between the beginning of the 
presentation of the stimulus and the beginning of the pupil contraction. 
The amplitude of the pupil response to the appearance of the checkerboard stimulus 
was calculated by a micro-processor system (i.e. the difference between the average 
amplitude during a period of 200 ms before any pupil reaction was visible (latency 
100 ms) and during a 200 ms interval at the maximum amplitude (latency 800 ms). 
The following stimuli were used: 
1 ) An on-off stimulus, i.e. a pure luminance stimulus of 50 cd/m2 alternated with a 
black field. 
2) An appearing-disappearmg checkerboard with constant mean luminance, i.e. a 
pure contrast stimulus. 
Ad 1 and 2) 
Generally seven stimulus cycles were averaged. The stimulus repetition frequency 
was 0.25 Hz. The check size used m this investigation was 22.8 mm. The visual angle 
of the field was 2.4 χ 1.8 degrees. 
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The intensity of the on-phase of the luminance stimulus cycle and the mean intensity 
of the checkerboard stimulus were 50 cd/m 2 . 
Both conditions were obtained with a TV monitor containing a green phosphor (type 
Tektronix 651-1). 
3) An appearing-disappearing checkerboard with constant mean luminance, ι е. a 
pure contrast stimulus compared to a diffuse on-off stimulus (without checker­
board). 
The luminance of the on condition was selected for each subject so that the ampli­
tude of the pupil response was equal to the response of the checkerboard stimulus 
(Fig 2A). 
This on-stimulus was found to be 10% larger than the steady background level of 
60 cd/m 2 . The duration of the on-stimulus was 2 sec. and the repetition rate 0 25 
Hz. The off-stimulus was caused by the switching back of the on-stimulus level to 
the background level The visual field of both the on-off, and the appearing-disap­
pearing conditions covered 2 0 χ 1.4 degrees. 
The check sizes of the appearance-disappearance checkerboard stimulus were 
5 5 mm. Alternating frequency 0.25 Hz. 
The disappearance condition and the average luminance of the checkerboard 
were identical: 60 cd/m 2 , the checkerboard contrast was 0 9. 
4) An appearing-disappearing checkerboard (luminance 60 cd/m 2 ; visual field 6 5 χ 
5 0 degrees; contrasto 9; check size 22 mm., alternating frequency 0.25 Hz) with 
constant mean luminance, i.e. a pure contrast stimulus. In the parts of the visual 
field corresponding to the scotoma of 3 subjects, the described appearing-disap­
pearing checkerboard stimulus was projected, as well as m a part of the visual field 
that was normal. Both of the latter experiments were performed with a TV-monitor 
with a white phosphor (Philips, L U.D. 50) 
Subjects. 
ad 1 and 2) Of 6 patients suffering from various optic nerve diseases and of 6 subjects 
with no pathology the latent period of the pupil response was measured. 
ad 3) Of 10 eyes without pathology the latent period of the pupil response was mea­
sured. 
ad 4) Of 1 subject without pathology and 2 patients (A, B) with visual cortical damage, 
the amplitude of the pupil response was measured 
Patient A had visual cortical hemorrhage, confirmed by computed tomography 
(Snellen acuity 0 9). 
Patient В had a tumour localized in the parietooccipital region The tumour has 
been excised (Snellen acuity 1 0) Foveal and excentnc (scotoma) fixation 
Results. 
Ad 1 and 2 
It was found m all 6 cases with optic nerve diseases involved that the latent period was 
prolonged, both for the on - off stimulus and for the checkerboard stimulus. On the av­
erage a difference of 100 ms was found. The results averaged over the 6 subjects, with 
the standard error of the mean indicated by the bars are shown in Fig. 1. 
Remarkable is also that a checkerboard stimulus gives a longer latent period than us­
ing an on - off stimulus of the same intensity This difference is 180 ms for the normals, 
and 164 ms for the patients, so an average value of 172 ms is found 
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Fig.1. Latent period of the pupillary light reflex for 6 patients with and 6 subjects 
without pathology of the optic nerve. 
An on-off stimulus and a checkerboard stimulus were used. Error bars indicate the 
standard error of the mean. 
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Fig.2A. Example of an equal pupil response to two different kind of stimuli. 
The arrows indicate the beginning of the pupil contraction. 
Fig.2B. Mean latent period of the pupil-reflex to an on field and an appearing checker­
board stimulus with equal pupil responses. 10 Eyes with no pathology of the visual sys­
tem were measured. Error bars indicate the standard error of the mean. 
Ad3 
Fig.2A shows the averaged pupil responses for one patient on an on - off stimulus and 
an appearance-disappearance checkerboard. 
Fig.2B shows the mean latent period of the pupil-reflex to an on-field and to a check­
erboard stimulus with equal pupil responses instead of equal stimulus contrast levels 
as in Fig.1. 
10 eyes were measured with no pathology of the visual system. The difference be­
tween the two latent periods for this stimulus response condition is 62 ms, which is 
much shorter than with the condition just mentioned. 
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Fig.3. Pupil responses to an appearing-disappearing checkerboard, of a subject with­
out pathology of the visual system. 
Mean pupil contractions + 0.13 mm and 0.09 mm (Check sizes 4.4 and 2.2 min). 
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Fig.4. Pupil reactions to an appearing-disappearing checkerboard, check size 2.2 min 
of arc, of the subject without pathology of the visual system. The calculated contrac­
tion of the pupil contraction is also indicated. 
2 central fixation, 1 and 3 excentric fixation (11 degrees). 
72 
contraction (m m) 
di latat ion 
 ) 
0.10 
0.05 
0 . 0 0 
A 
Λ 
I 
r * 
I 
1 , 
J 
I . 
1 
Ι ι 
В , 
-
I 
-
• 
1 
Í 
3 
Fig.5. Pupil contractions of two patients (A and B) to an appearing-disappearing 
checkerboard, check size 2.2 min of arc. 
The numbers indicate the position in the visual field and correspond with the numbers 
of Fig.6 and 7. 
Ad 4 
Fig.3. Two pupil contractions 0.13 mm, 0.09 mm of a normal patient are given. 
The contractions are the average value after ten stimuli (one stimulus consists of one 
checkerboard alternated with one blank field of equal luminance), are presented in 
the central part of the visual field. 
Average pupil responses of a normal subject to stimuli of various locations in the visual 
field are shown in Fig.4 (three runs of ten stimuli). 
Fixations was 11 degrees nasal (1), central (2) and 11 degrees temporal (3). The stand-
ard error of mean (S.E.M.) is given. It may be remarked thatthe response is maximal in 
the macular region (as for a photopic on - off stimulus (J. van der Kraats et al. 1977). 
2 Patients (Α,Β) with visual cortical damage were measured. 
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Fig.6. Visual field of patient A. The numbers indicate the centre of projection of the sti­
muli. 
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Fig.7. Visual field of patient В. The numbers indicate the centre of projection of the sti­
muli. 
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In Fig.5 the pupil responses are given. The numbers indicate the position of the stimu-
lus in the visual field, as is shown in Fig.6 and 7, respectively. 
No positive pupil contraction was found in both cases in the scotoma parts of the visu-
al field. 
Discussion. 
An appearing-disappearing checkerboard stimulus produces a longer latent period 
than an on - off stimulus. (About 180 ms for normal subjects and 164 ms for patients 
with optic nerve diseases). This may be partly explained by the fact the mean diameter 
of the pupil is larger when the on - off stimulus is used and this may influence the latent 
period. 
The large diameter is due to the lower average luminance level produced by the on-
off stimulus. A second part of the explanation may be that the responses travel along 
different nerve pathways. 
The latent period for the on-off stimulus (about 320 ms) is in accordance with the re-
sults described by Alexandridis (1981, 1982). The patients with optic nerve disease 
yielded a longer latent period for the responses both to on-off stimuli to the checker-
board stimuli as compared to normal subjects (100 ms and 80 ms respectively). 
This latency difference is around twice as large as that found for the VECP (Halliday, 
1973). 
The explanation for this discrepancy may be found in the different population of optic 
nerve fibers transmitting the pupillary and the sensory information. 
In fig.2B a prolonged latent period of the pupil response to an on-stimulus was found 
to be about 62 ms as compared to an appearing-disappearing checkerboard stimulus 
producing an identical pupil response. 
This results confirms the first mentioned result, but it is to be considered a better indi-
cation of the pure delay of the pupillary response to a checkerboard stimulus as com-
pared to the response to an on-off stimulus. So again the explanation has to be a differ-
ent nervous pathway for both conditions. 
In Fig.6 and 7, no pupil response could be obtained in the cortical scotoma of the visu-
al field of subjects A and B. 
This has to be explained by the fact that the pupillary light reflex with a checkerboard 
as a stimulus involved the visual cortex. 
References. 
Alexandridis et al. The latent period of the pupil light reflex in lesions of the optic 
nerve. Ophthalmologica 182: 211-217(1981). 
Alexandridis et al. Latenz der Pupillenlichtreflexe und des VECP im Verlauf der retro-
bulbären Neuritis. Fortschr. Ophthalmol. 79: 356 - 357 (1982). 
Fison, P.N.; Garlick, DJ.; Smith, S.E.: Assessment of unilateral afferent pupillary de-
fects by pupillography. Br. J. Ophthal. 63: 195 -199 (1979). 
Halliday, A.M.; McDonald, W.I.; Mushin, J.: Visual Evoked Response in Diagnosis of 
Multiple Sclerosis. Br. Med. J., 4: 661 - 664 (1973). 
Kraats, J. van der, Smit, E.P. & Slooter, J.H. 
75 
Objective measurements by the pupil balance method. 
Docum Ophthal. Proc. Ser. И : 213 j - 219 (1977). 
Lowenstem, O.: Clinical pupillary symptoms in lesions of the optic nerve, optic chi­
asm and optic tract. 
Archs Ophthal. 52: 385 - 403 (1954). 
Miller, S.D.; Thompson, H.S.: Pupil cycle time in optic neuritis. Am. J. Ophthal. 85: 
635-642(1978). 
Slooter, J.H. & Norren, D. van. Visual acuity measured with pupil responses to check­
erboard stimuli. 
Inv. Ophthal. ]9: 105 - 108 (1980). 
Thompson, H.S.: Afferent pupillary defects. Am. J. Opthal. 62: 860 - 873 (1966). 
CHAPTER 11 
SUGGESTIONS ABOUT THE PUPILLARY LIGHT-
REFLEX PATHWAY(S). 
Key words: 
pupil, pupillary light-reflex pathway, checkerboard, visual cortex, W, X and Y cells, 
prolonged latent period. 
Introduction. 
It is well known that if the amount of light entering the eye varies, the pupil will vary in 
size. In the classical concept of the pathway (fig. 1 A) of the pupillary light reflex no visu-
al cortical processing is involved (Magoun 1953). 
However, it was already suggested in the past that the "classical" pupillary light-reflex 
pathway was not complete (Harms, 1973). Recently it was described that pupil con-
tractions occur as a response to checkerboard stimuli alternated with a blank field of 
equal overall luminance (van der Kraats, 1977). 
With this kind of stimulus, by keeping the total amount of light constant the amount of 
stray light also remains constant. The possibility of a pupil reflex due to the stray light is 
therefore excluded. 
High correlations were found between checkerboard acuity measured by pupil re-
sponses and subjective checkerboard acuity for subjects with refractive errors (Sloo-
ter, 1980.) and patients with pathology of the visual system (Slooter, 1981.). 
High correlations were also found for the spatial contrast thresholds of pupil re-
sponses compared to psychophysical data for checkerboard stimuli (Chapter 9). A 
prolonged latent period was found for a checkerboard stimulus compared with an on 
field which gave an equal pupil response. (Chapter 10). 
No positive pupil response in the part of the visual field of patients with corresponding 
damage in the visual cortex could be obtained. (Chapter 10). 
This evidence may suggest that the pupillary reflex to complex visual stimuli involves 
the visual cortex as well. 
Discussion. 
Anatomy of the pupillary light reflex pathway. 
The receptors of the light and therefore of the light reflex are the rods and cones in the 
retina; the afferent pathway leads from these receptors through the retinal nerve lay-
ers into the optic nerves and tracts; the pupillary reflex fibres branch from the optic 
tract before the lateral geniculate body is reached. 
After the first synapse the fibres enter both Edinger Westphal nuclei, where the second 
synapse is found. 
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Figure 1A "Classical" pupillary light reflex pathway 
Figure 1В Suggested cortical pupillary light reflex pathway 
From the Edinger Westphal nuclei the pupillo constrictor fibres pass with llird nerve fi­
bres to the ciliary ganglion 
From the ciliary ganglion the pupil is innervated 
The descussation m the optic chiasm explains the mechanism of the consensual re­
flex 
In this "classical" diagram of the pupillary light reflex pathway, Fig 1 A, the visual cortex 
is not involved 
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Figure 2A and B. Schematic diagram of the pathways of the W-, X- and Y-cells. 
There are many investigators however who have also suggested the existence of a 
cortico-pretectal pupillary light reflex pathway, Alexandridis 1979, Cibis 1975, Reu-
ther 1981, Walker 1914, Harms 1949,1951,1956,1973. The latter author performed 
careful static perimetry of patients with war injuries of the occipital cortex and he plot-
ted a pupillomotor deficit in retinal areas which matched the patients congruous 
hemianopic visual field defects. (Fig.IB). 
Physiological properties of the visual pathway. 
Three types of ganglion cells, W, X and Y cells are described in ascending order of 
their conduction velocities, sustained and transient, (Cleland, 1973) (Wilson, 1970) in 
the retina and also through the lateral geniculate nucleus. (Hoffman, 1972). 
These parallel visual pathways which connect the retina to the cortex via the dorsal la-
teral geniculate nucleus, may be regarded as a group of parallel pathways, each con-
taining neurons that have distinctive physiological properties and which presumably 
contribute distinctively to vision, cf. Lennie, (1980). 
Three pathways to the tectum are described (Hoffman, 1972): 
1. A direct retinotectal pathway of W - cells (73%) projecting to collicular cells 
(fig.2A). 
2. A direct retinotectal pathway of Y - cells (9%) radiating to collicular cells. (fig.2A). 
3. An indirect pathways involving a cortical loop consisting retinal Y - cells, geniculate 
Y - cells and a cortical complex sending its axon through the cortical pathway 
(fig.2B). 
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A very few X - cells may project to the midbrain (Cleland and Levick, 1974a), but the 
overwhelming majority of them project to the lateral geniculate nucleus (Fig.2B). 
When we first regard the W - cells, it is found in experiments with decorticate cat, that 
they play a role in control of the collicular receptive fields (Hoffman, 1974.). 
It is also known that there is a pupil reaction to a change in the amount of light entering 
the eye of subjects suffering from total cortical damage (Harms, 1973.). 
The absence of a functioning cortex seems to compel us to conclude that the cortical 
pathway is not necessarily involved (cf. Magoun, 1953.). The reason might be that W -
cells are constituting the classical pupil light reflex pathway. 
The Y - cells, however, transmit mainly transient responses (Cleland, 1971.), and X -
cells are better suited to respond to patterns (Cleland, 1971; Wickelgren, 1969.). 
Both X - and Y - geniculate cells also project to the visual cortex (Stone, 1973.). 
The X cells project exclusively to the visual cortex and are sensitive for patterns with 
high spatial frequency. 
We found high correlations in the vicinity of the threshold for checkerboard stimuli 
obtained by pupil responses and by psychophysical measurements. 
This may suggest that the visual cortex is involved through the X-cells. A prolonged la-
tent period was also found for the pupil response to a checkerboard stimulus com-
pared to an on-field which gave identical pupil response. This again suggests that the 
visual cortex is involved. 
In patients with visual cortical damage, no pupil responses could be obtained in their 
corresponding visual field when a checkerboard stimulus was given. This also sup-
ports the involvement of the visual cortex. 
The efferent pathway of the pupillary light reflex. 
Barris (1936) found, working with cats, that stimulation of the occipital cortex pro-
duced constriction of the pupils. 
Jampel (1959) found additional areas of the cortex, stimulation of which results in pu-
pillary construction. This evidence indicates an efferent cortical pathway of the pupil-
lary system, (ef. Hoffman, (1972)). 
A comparison between VECP's and pupil responses to checkerboard stimuli. 
In our investigation concerning the pupil responses a number of aspects of visual func-
tion were revealed, which can also be studied with VECP's. The comparison of both 
types of responses was favoured by the employment of identical stimulus conditions, 
i.e. a checkerboard contrast stimulus. A short comparison of both mechanisms will be 
given now. 
— The visual acuity. 
For VECP's a high correlation to the Snellen acuity was obtained for subjects with re-
fractive errors. (Chapter 7). 
This was also found with pupil responses. (Chapter 5). 
A high correlation was found between the pupil acuity and the Snellen acuity also in 
case of pathology. (Chapter 6 and 7). 
— Contrast sensitivity. 
Contrast sensitivity functions derived from the threshold of steady state evoked poten-
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tials show high correlations with the psychophysically derived contrast sensitivity 
functions. 
The contrast sensitivity function derived from pupil responses is quite similar to the 
psychophysical contrast sensitivity function. (Chapter 8). 
— Prolonged latent period. 
The clinical use of a prolonged latent period obtained with visual evoked potentials is 
generally accepted. 
We found also, like other investigators (Alexandridis et al. (1979)); a prolonged latent 
period with pupil responses (Chapter 10) in patients with optic nerve diseases. 
The latency difference is around twice as much for pupil responses (80-100 ms) than 
that found for the VECP (about 40 ms), and of the same order of magnitude as for the 
on-off pupil responses. The explanation for these observations may be found in a dif-
ferent population of optic nerve fibres transmitting the pupillary and the sensory infor-
mation and different changes of the conduction velocities of W, X and Y cells in patho-
logical conditions. Added to this it must be remarked that the latency increases for the 
pupil reaction to on-off stimuli in cases of pathology and is of the order of 100 ms. One 
is therefore forced to the conclusion that the conduction velocities of the fibres in-
volved in the two types of stimuli also in normal conditions is of the same order of mag-
nitude. This leads to the conclusion that not only X-cells but also the W-cells are candi-
dates for the cortical pupil pathway. 
This conclusion is, however, not in accordance with the previous one pointing to the 
X-cells. Present knowledge of the neurophysiology and anatomy is unfortunately not 
sufficient to arrive at a final statement. 
Summarizing. 
Perhaps we may formulate the following hypotheses: 
The pupillary light reflex pathway employed by the visual system is stimulus depen-
dent, in somewhat different terms: 
The pupillary light reflex pathway has at least two sub-pathways. The pupillary light 
reflex pathway also encompasses a visual cortical pathway which is recordable with 
the use of a checkerboard stimulus. 
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CHAPTER 12 
SUMMARY. 
The purpose of this investigation was to search for the clinical value of measuring pupil 
responses with a checkerboard as a stimulus. In Chapter 2 the anatomical and physio-
logical data are given about the pupillary light-reflex pathway. In the "classical" pupil-
lary light-reflex pathway the visual cortex is not involved. 
There are many investigations however, which have also suggested the existence of a 
cortico-pretectal pupillary light-reflex pathway (Chapter 2). 
Several methods of measuring pupil size (film, photography are described in Chapter 
3. The apparatus for measuring pupil responses is also described in Chapter 3. Briefly it 
consists of an infrared sensitive television camera. 
The number of scanning lines crossing the dark image of the pupil provides a measure-
ment of the pupil diameter. The stimulus is generated on a television monitor. 
The pupil response to the appearance of a checkerboard stimulus was calculated by a 
microprocessor system. 
The stimuli used are: 
1. An appearing- disappearing checkerboard. 
2. An alternating checkerboard. 
3. An on-off stimulus. 
Objective systems of measuring visual acuity like Optokinetic Nystagmus (O.K.N.), 
Preferential Looking (P.L.) and Visually Evoked Cortical Potentials (VECP's) are 
described in Chapter 4. 
Visual acuity measured with pupil responses to checkerboard stimuli is described in 
Chapter 5. 
The magnitude of the pupil response appeared to depend monotonically on the 
check size, so it seems possible to define a "pupil visual acuity". 
A pupil visual acuity could be derived of subjects with refractive errors, which showed 
a very high correlation with the subjective acuity with the same checkerboard stimuli. 
Chapter 6 describes the clinical use of visual acuity measured by means of pupil 
responses. High correlation was also found for subjects with amblyopia and for sub-
jects with pathology of the visual system. 
In Chapter 7 visual acuity was measured by pupil responses and visual evoked poten-
tials. 
A checkerboard stimulus was used in both experiments. 
The Snellen visual acuity was also measured. 
The pupil response acuity appeared to correspond more closely with the subjective 
checkerboard acuity than with the results obtained by evoked potentials, moreover, 
the pupil acuity yielded a high correlation to the Snellen acuity. 
In Chapter 8 the contrast threshold as a function of check size was measured by pupil 
responses. The shape of the transfer functions obtained with the pupillary response 
appears to be in good agreement with that of the transfer functions obtained with the 
psychophysical method. 
In Chapter 9 the measurement of the pupil responses in the vicinity of the threshold 
are measured. 
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The pupillary threshold and the psychophysical threshold appeared to be compar-
able to a first approximation. 
Some aspects of the latent period of the pupillary light reflex are described in Chapter 
10. It was found that an appearmg-disappearmg checkerboard produces a longer la-
tent period than an on-otf stimulus for subjects with optic nerve diseases. 
Also a prolonged latent period of the pupil response to an appearing- disappearing 
checkerboard stimulus was found and compared to an on-stimulus both produced an 
identical pupil response. 
This suggests a longer pupil reflex pathway to a checkerboard stimulus 
No pupil response could be obtained m the cortical scotoma of the visual field of sub-
jects with visual cortical damage 
This has to be explained by the fact that the pupillary light-reflex with a checkerboard 
as a stimulus involved the visual cortex. 
In Chapter 11 suggestions about the pupillary light-reflex pathway are described. 
Three types of ganglion cells, W-, X- and Y-cells are described in ascending order of 
their conduction velocities. 
The W-cells may constitute the classical pupil light-reflex pathway. 
The X-cells project exclusively in the visual cortex and are sensitive for patterns with 
high spatial frequency. So the X-cells may be responsable for the cortex pathway of 
the pupillary light-reflex. 
A number of aspects of visual function between Visually Evoked Cortical Potentials 
and pupil response are compared. (Visual acuity, contrast sensitivity prolonged latent 
period. 
Finally we may conclude that the presented results strongly support the following hy-
potheses: 
1. The pupillary light-reflex pathway has at least two sub-pathways. 
2 The pupillary light-reflex pathway also encompasses a visual cortical pathway 
which can be recorded using a checkerboard stimulus. 
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SAMENVATTING. 
Het doel van dit onderzoek is de klinische toepassingen na te gaan van het meten van 
pupil responsies met een schaakbord patroon als stimulus. 
In hoofdstuk 2 worden de anatomische en fysiologische gegevens beschreven van de 
pupil licht-reflex baan. Bij de "klassieke" pupil licht-reflex baan is de visuele hersen-
schors niet betrokken. 
Er zijn echter enkele onderzoekers die het bestaan van een baan via de visuele her-
senschors suggereren. 
Een aantal methoden om de pupil diameter te registreren zijn beschreven in hoofd-
stuk 3. 
Het apparaat om de pupil reacties te registreren wordt eveneens beschreven in dit 
hoofdstuk. Kort samengevat bestaat dit uit een infrarode lichtbron en een infrarood 
gevoelige tv-kamera gericht op het oog. Het aantal beeldlijnen dat het donkere beeld 
van de pupil doorsnijdt is een maat voor de diameter van de pupil. 
De pupil reactie op het verschijnen van een schaakbord patroon wordt berekend 
door een microprocessor systeem. 
De stimuli die gebruikt zijn, zijn: 
1. Een verschijnend en verdwijnend schaakbord patroon. 
2. Een alternerend schaakbord patroon. 
3. Een aan-uit stimulus. 
Objectieve methoden om de gezichtsscherpte te meten zoals optokinetische nystag-
mus, voorkeurs fixatie en visuele corticale potentialen worden beschreven in hoofd-
stuk 4. 
De grootte van de pupilreactie hangt af van de veldgrootte. Op deze wijze is het 
mogelijk om een "pupil gezichtsscherpte" te definiëren, hoofdstuk 5. Een pupil ge-
zichtsscherpte kan verkregen worden bij proefpersonen met refractie afwijkingen. 
Deze pupil gezichtsscherpte correleert in hoge mate met de subjectieve gezichts-
scherpte met dezelfde schaakbord stimuli. 
In hoofdstuk 6 wordt het klinisch gebruik beschreven van de gezichtsscherpte geme-
ten met pupil reacties. Hoge correlaties worden eveneens gevonden bij proefperso-
nen met amblyopie en bij proefpersonen met pathologie van het visuele systeem. 
In hoofdstuk 7 wordt de gezichtsscherpte zowel met pupil reacties gemeten als met 
visuele corticale potentialen (VECP). De Snellen visus wordt ook gemeten. De pupil 
gezichtsscherpte blijkt beter te correleren met de subjectieve schaakbord visus dan 
met de visus verkregen met de VECP, bovendien is er een hogere correlatie tussen de 
pupil visus en de Snellen visus. 
In hoofdstuk 8 wordt de contrast drempel als functie van veldgrootte gemeten met 
pupil reacties. De vorm van de overdrachtsfunctie verkregen met pupil responsies 
blijkt in goede overeenstemming te zijn met de overdrachtsfunctie verkregen met de 
psychofysische methode. 
Drempelmetingen van de pupil reacties voor schaakbord patronen met een hoog 
contrast en hoge spatiele frequenties worden beschreven in hoofdstuk 9. De pupil 
drempel en de psychofysische drempel blijken elkaar dicht te benaderen. 
Enige aspekten van de latentie tijden van de pupil licht-reflex baan worden beschre-
ven in hoofdstuk 10. Er wordt een grotere verlenging van de latentie tijd gevonden bij 
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een verschijnend en verdwijnend schaakbord patroon dan bij een aan-uit stimulus bij 
proefpersonen met ziekten van de oogzenuw. Er wordt een langere latentie tijd van 
de pupil reactie op een verschijnend schaakbord patroon gevonden dan op een egaal 
veld met een identieke pupil reactie. Dit suggereert een langere pupil licht-reflex baan 
voor een schaakbord patroon. Bij patiënten kon geen pupil reactie verkregen worden 
in de niet functionerende gebieden van het gezichtsveld. 
De X-cellen die uitsluitend op de visuele schors projecteren en gevoelig zijn voor pa-
tronen met hoge spatiele frequentie, zouden verantwoordelijk kunnen zijn voor de 
visuele corticale pupil licht-reflex baan. 
Samengevat: belangrijke argumenten zijn gevonden die de in de inleiding geformu-
leerde hypothesen ondersteunen: 
1. De pupil licht-reflex baan heeft tenminste twee banen. 
2. De pupil licht-reflex baan verloopt eveneens via de visuele hersenschors en is te 
registreren met behulp van een schaakbord als stimulus. 
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STELLINGEN 
behorende bij het proefschrift "The Pupil, mirror of visual acuity". 
1 
Pupillografie is heden de meest betrouwbare en nauwkeurige objectieve fysiologi-
sche methode om de gezichtsscherpte bij de mens te bepalen. 
Dit proefschrift 
2 
De pupil lichtreflex baan is stimulus afhankelijk en bestaat uit minimaal twee banen. 
Dit proefschrift 
3 
De pupil lichtreflex baan doet de visuele cortex aan. 
Dit proefschrift 
4 
Pupillografie is een betere methode om objectief de gezichtsscherpte te meten dan 
de visueel opgewekte corticale potentialen (VECP's). 
Dit proefschrift 
5 
Een verlengde latentietijd en het beloop van een visusdalmg gemeten door middel 
van pupilreacties zoals m dit proefschrift beschreven, vormen een additioneel 
diagnostische indicatie (m de zin van Schumacher) van het stellen van de diagnose 
multiple sclerose. 
6 
De diepte van de voorste oogkamer correleert slechts in geringe mate met de lengte 
van de oogas (r—0,2) Dientengevolge kan bij de berekening van de sterkte van de m-
traoculaire lens m goede benadering voor alle patiënten eenzelfde postoperatieve 
positie van de lens worden aangenomen 
Thijssen, J M , Boerrigter, R Μ Μ , 
persoonlijke mededeling 
7 
Bij het vaststellen van de normaal waarden van het serum cholesterol dient niet uitslui-
tend naar de bekende Nederlandse normen gekeken te worden, maar ook naar bui-
tenlandse normen. (Japan, Guatamala). 
8 
Bij de preventieve maatregelen ter voorkoming van Aids moet men het kussen op de 
wang stellen boven het kussen op de mond. 
9 
Uit hoofde van diefstal preventie is het wenselijk dat bij het bezorgen van post en tijd-
schriften deze volledig door de opening van de brievenbus worden geduwd. 
10 
Het benoemen en instellen van commissies leidt niet (noodzakelijkerwijs) tot een 
snelle en efficiënte besluitvorming. 
11 
Duurzaamheidstesten kunnen het beste door kinderen gedaan worden. 
12 
Er zijn meer afbeeldingen van zeldzame dieren dan er zeldzame dieren zijn. 
13 
Van effectieve vakantiespreiding kan alleen dan sprake zijn, als leerplichtige kinderen 
en hun leraren (werkgelegenheid) ook recht hebben op 10 schoolvrije dagen. Het 
aantal vakantiedagen zou dan verminderd kunnen worden. 
J.H.SIooter 2 oktober 1985. 


